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ELECTRICAL ENGINEERING 


General terms 


S1 


The most important .electrical. quantities | 
and their. units. ~ Basic rules a 


Note regarding capital and ‘small letters z 
used as symbols 
Electrícal engineering qdantitiss that are Hadie 
dent of time are mainly denoted Бу capital letters, 
Quantities that vary with time are denoted by small 
letters-or by capital letters: provide with the 
~- subscript t. - ; 
Examples: formulae 88, 43, 8 13. 
Exceptions: h^ Ws t, ü, PFeso 
Electrical work У 15 equivalent to БЕЕК сал мору | 4 
as explained on М1. Energy conversion, however, ig 
subject to losses. ao | 
Units: J; Из (wattsecond); kWh; MWh - s 
Чиз = 14041е = 1J = 1 Nm 


Further the following relation applies, ‘using quanti- 


« 2 | thesexplainedon 51 and 52: y, rv: MEG PRI. 
Electrical power P D 
Electrical power P is po to йеек Кыл. 
B power P, as explained on МТ. Energy conversion, 
however, is subject to losses. у 
ш Units: W (watt); kW; MW 
1w MEL у علا‎ 
8 5 1, 
б, Fur ther the following relation applies, using quanti- 
6:5" Vies explained on 51 and S2: у: PR 
. A t 
еду f see L1 з 
Period T <. see [1 5 | ге · 
Апди1аг frequency в, angular velocity ш “вее ti : 


Current I ' : 
Is а base quantity (see preface and instructions) 
Units : А (ampere); та; КА. * 
The current of 1A has been defined by means ‘of the” 
attracting force which two parallel current-carrying” 
‘Conductors. exert on each other. . : 

` continued on $2 
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MM, ad 
General terms. | 5 2 
Ы continued fron $1 ie: Же 
(2 [Eutrent density ло, B ety 
3 4 | 6 = J. = = 
‚АРЬЕ only where ај of current I 
is uniform pver ‘cross section А. 
Unit s 3 Аут? A/mm? 
i Potential difference У 
R 
5 = 
: POST | 
Units: V (volt); ‘kV | s 
Where a direct reet of 1A through а ‘conductor 
‘ converts energy at a rate of 1%, the voltage 
across: this conductor is 1V. | * 
Кый. > E ap = 1 Nm 
ky eme => ctio 149 Wn 
\ 
Resistance R t 
ein њива < ү 
56 e | В * а | pista da 
Units: Q (ohm) ; kQ; MQ 
Where a voltage of 1¥ across a sonductor causes 
^ a current of 1А to the flow through it, resi- 
i" stance is 18. 
| пр ۔‎ aM, мт 
В ж aT з А: А? 
Conductance G 
Conductance G is the reciprocal of cesistance R. 
s 7 Cru More pese МЕ 
Unit: 1/8 ; 
1/Q = 1Mho Ss 
, 
дуалы of electricity charge Q 
$8 PC | 5.“ fi ae (see а 1): 
| For direct current: Е 
а | = It 
з 
: unit: C (coulomb ) | 
ў ФС =. ТА :. у 
- ў « $ continued ons% 


+ 
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ELECTRICAL i ENGINEERING | 
‚ General terms | © a 


continued from 32. 


Capacitance C C 
The capacitance С of а “capacitor {% 


~ 


the ratio of 
quantity of TERN RNY Q stored fn and voltage у 
acrósa it: Adm 
s 10 ! pes s- 


Units: Е (farad); pF; nF; РЕ_ 
Where a capacitor requires. a charge Of ,1С. to 
be charged to. a voltage of AM, cLts Pac tance 


1з РА | Lie dt 
iow LR НИ 
| AF wifes Lass. еа 
Magnetic dius D ым | | ; 
| 3 f D А У Е ' 1; 4 ‘ 
sit EUN 9 = у је a | ЕС 51) 


Here N 18 the number. of turns of a coil and о the 


', VOltage induced, when the magnetic flux $. linked 
with the coil varies «ith, time. 


Units: Wb (Weber) = V's = 10°м маме 
(01b is the magnetic flux which, linking а circuit 


of 1 turn, induces 1n it a voltage of 1V as Ad. 
is reduced: to zero at a unt tors snake ain 15. 


% 


Magnetic induction (flux density] B no 
Thé magnetic induction in a cross section Ads: 


i! de 
„А. 
Hors А 43 the crcss-sectional area traversed per- 


 pendicularly by the homogeneous magnetic flux ĝ. 


Units: T (tesla); РТ; ^T; У а/т; 6 (gauss) 


з 12 


\ 


ТТ = ИС eti. 10*G = 10°; = 


ићеге а ТИТУ и PRETEEN flux of 1 ed 
dicularly traverses an area of LI , hie mag 
| “induction is 1T. 


OE. 
continued on 3 
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General terms 2 
continued from 52 


54 


bw ma a n$ (see s 1) 


Here J із the current flowing through a coil of М 
turns and ф the magnetic flux linked with this coil. 


Units: H (henry); mH 
1H је the inductance of a closed loop of one turn 


which, positioned in vacuum and passed through by ё 
current of 1A, encloses a magnetic flux of 1%. 


н =. 1% а 1% 


А | А 
Magnetic field strength / 
4 : н = ق‎ 
s 1 | Ms 4 
Units: A/m; A/cm; A/mm; (Ampere Turn/m) 
| Magnetomotive force P 
$15 | F = WI 
Units: A; kA; mA; (Ampere Turn) 
Magnetomotive force F in the t-th section of а mag- 
netic circuit: | 
$ 16 FA = НИ 
here 1; = 13 the ا‎ of this section. 
з 17 5 т 
| iri 
Reluctance S of a homogeneous section of a magnetic 
.circuit: | t 
d e Р o|  $39ivalent to 
s 13 uoa $ Ohm's law for 
i .\magnetic circuits 


Units: 1/Н;= A/V 9; (Ampere Turn/Wb) 


== - 


ширинама НН С ыш! 


Тог symbols see 5 15 


= 
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Electric circuits 


8 


‘Basic properties. ‘of electric circuite 


Directions of currente, voltagea,arrows representa, them 
Oirection of the current and of arrows | ‹ enerator-—. 
. representing.’ positive currents in| load += ~ 


. Direction. of the potential: difference and of 
arrows representing positive voltages always 


Directions of arrows representg. currents or voltages” 


where funct. where calcul. resultsina 
of ‘element detenti positive: | negative 
(generator or tións " value, direction witlire- 
load) as well pam. spect to.arrowof current -* 
de polarity is ог voltage is. 


320. 
521 
:8 22. 


+—=- 


arrows _ 


825^ known 

: unknown, |1 br IB equal ` 

Special rule СУ | | | 

` Arrows о RG voltage drop across reaistor ~. 
and ‘current causing it,should always be EEE 


ned in same direction (аз Од): 


228 ' 


Ohm’ в «Law 
Current through a resistor: 


$25. I ож E (see also s 6) 


R 
Resistance R of conductor 
Е. а E 
5 26 zm УНЕ W YA Sh ot ahd гу p 
Resistance R of conductor at temperature E 
| in degrees centigrade E 
s 27 » R = 8 |1 tals - i 060) 
Electric heating of & mass m 
828 Утеп. = cm AS 
E € : temperature coeff. Te T2) АЎ: temper. chang 
Y. : conductivity ° (see 2 PNE (time . ~ х 
: 9,: resistivity | (see 21) As: resistance — 
3 e | 70" at = 20% 


à specific heat: (see 25 2 
á AN ` continues on S 


$: Б E 


$^; 
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334. 


| T 'kirchhoff _ Law. 


a around a closed mesh (100p) is zero. 


_. Here voltages traversed in accor- 


ELECTRICAL ENGINEERING | 5% 


Resistor combinations 


; : continued "from $5 


| The "algebraic sum of all currents 
| entering.a branch point (уде. 18 


его. 
а: gr QUO Fees 


‚ Ratio of currents 
Where several 1 resistors are. con- d s 
nected ín parallel, total.current ` 
and partial currents are inver- 
sely proportional to^ their.re- 

spective resistances. 
t у ЕА буеча 
I d da: dj = iy Ae У Re Ry 
Current division A ee 
Partial currents of 2 аата 
connected Їп parallel: 
) УЗ а. PES __ № 
Ћ + Gy +- Ga + he EU 
опа 2nd Kirchhoff Law | 
“Whe algebraic sum of all voltages 


UM sp 


"dance with (opposite to) direction. 
of arrow are considered positive 4 
(negative). TRECE 


Ratio of voltages. Sw 
“Where several resistors are c con- · 
nected in series, the ratio of У 
partial voltages 13 equal to the 
свела of Eha RPE гез d Mon. 

WN Wat Uy № ars ' 
ОРЕ divider : d 
E ACTIF | voltages: across 2 resi- 
stors connected aur series: 


( 
м T. 


р 


“alt into > the node. | positive. 
ced currents ot of | are considered елка 


+0 ` 
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ELECTRI 


Rati tén binotient: 


Series connection. 


Total. resistance R (according tos 26) 


generally: | Ё Ri У ; 
ED E. Ry + 8; + Ry +. с g , be estet 


99: 


foc: n equal resistances RI is 3 eng 
s 36 Ва а! d аа 
| | Ё $ 
‘Parallel connection ! 
Total resistance R (according to А & т 
là generally: | : Ph =. 
к z a zi 4 у L + 1 + 
m 37 TRO A Ra (4 
S 38 · Сс = в. + Gat Gy + pee 
У Фог 2 resistances: for 5 resistances: 
eis nro RR: ABI ANA А 
5.29 R z Ra + Re j а R dye: А, В: + 6; В, ARRI 
КЫ; à | HEIN oe 
20780 "E EO. ci “ата 
“Multiple connection | ; 
А multiple connection of several known resistances 4s 
subdivided into parallel and series. connections, ipro- 
ceeding outwards. These are separately conxerted as to 
be convendentiy combined again, e.g.: 
D К: *.R V _ (62+ Gy)”: 
5 41 dot RETR ИУ И = ger 
T. А; E MC GG 
18-40 1, Ю.В; + В. А, + Аг В, d NE FO 
8; R; UO 
: S de RRR ATER ^ CERE 
Voltage divider. 
| Voltage dividers are изед for redu- 
а icing voltages.. а 
hh o Why = 
#15 tt Ra Ra + Ra Ry + Ra Ry › 


For applicatione, where у, нас Xo ђе, | 
approx. proportional to s, the’ condi- 
tion R2 10(A cR) has to be satisfied. 


as: distance of sliding contact. from zero position 


БА > 


Сатбсаппег 
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Resistor combinations 


58 


ن جب ن ت د ن ت ی 
Applications in electrical] measurements‏ 


Extending the range of a voltmeter 


—À 


в 45 


1 
M mar 
‚№ : Ry " Ru Imar - IM max 


Wheatstone bridge for measurin an unknown 


[resístange Rx 


А slide-wire Wheatstone bridge may be used Гог mea- 
suring resistances of between 0:1 and 10° ohms. The 


calibrated slide wire is ү А 


provided with а вса1е геа- 
ding а/(1-а). The sliding 
contact 1s adjusted,until 
the detector current Igis 
gero, Then R a slide wire 

s 47 | = “ГТ 
and hence | 

s 48 Ry = R 


Wheatstone bridge used as a primary element 


In many types of measuring equipment Wheatstone 
bridges serve as comparators for evaluating vol- 
tage differences, 
R,:sensor resistor, the 
‚ varíation'of which is 
proportional to the 
quantity X to be mea- 
sured(e.g. temp., di~ 
stance, angle etc.) Ж 
Па :zero value of R, 


; Approx, the relat, applies 
349 MERR 


g+ 
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ELECTRICAL ENGINEERING 
| Electric field 


Capacitance I^ of а capacitor 


c А PEE 


0 i ~ 


Quantity o of electricity Q (see. day 
Electrical work stored in an electrik field. 


T Me “+ с у: 

“ | ara 
Capacitors SOR AGE Ped 1п загада 

| "Where capacitors are added in 
parallel, the total capacitance C . 
increases. ze 


в 52 С = Cy + С. + С, 


Capacitors connected in series 
~ Where capacitors are added in ` : 
seríes, the total capacitance С | С | Rs 


decreases. у xp E n. 
1 OSE = ава к 
(3 2 p + С; + Cy i : 


» 


Capacitance of two coaxial cylinders | 


c, : relative permittivity. ~ (aes 22) 

leg : absolute permittivity | (e + :86. x 10 ЗА s/V я) 
А : plate'area (one 'eide) 

thickness of dielectric 

radius of inner cylinder 

: radius of outer cylinder 

ТЕ : length of cylinders 


з 
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Electro- magnan ve sles, У. 


= aes t کک ع‎ = 


в 55 agni zin. 
dé pne N= obit of a magnetad ‘aus iqatttaciec vy а majne- 


tic S-pole and геру oy a ње Мак 187 


—  —— о ==. 


"Magn. flux about а current- opp 
Assuming а corkscrew were. screwed n the 
direction,of the current, its direetiar 31 
, rotation would indicate the. direction of 
"the lines of magnetic flux. Ug 


` $56 


‘Magnetic flux within a current-cart ying otl 
Assuming 'а “corkscrew were rotated {r tre 
"directi on of, the current through. tie CÓ c, 
the direction of. its. axial motion w3vld 
"indicate the direction of tne lires та je 
netic flux throügh the coii. EO 


Movable conductors and catis 


Parallel conductors V 
Two parallel conductors carrying currents. 
, of the same direction attract. Tao carry 
ing currents: of opposite direction терел. 
еасћ other. 


two coils. facin пд. each othe у 
Where two. coils positioned face t6 face 


саггу currents of the вате. direction, they 
attract,where they carry currents of oppo- 
gite. directions; they repel each other, 


в 58 
в 59 


" Machines 
Right Hand Rule (denetator i. 
Where the thumb points in the 
diri 
the magnetic flux and the middle cotton E 
the direction of motion, the index s Е, 
подова the direction of current {ык 


in ‘the: direction of d 
ће index firge- in 
the ті се `. ВР 
of moticn, .. 


$ 60 


з 67 


А 


Vs 66. 
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ELECTRICAL ENGINEERING Sn 
| Magnetic field : 


pese ж + чш жые ان‎ ош чч ene 


Quantities of magnetic circuits. 


E ey ee NI (see also 511 
У из 5 Rm j | 1 р ) 
Magnetic {duc tib (flux density) B. | : > 
| ОВ = £ =. Up lol | y (see also 3 12) 
Inductance се | Ж P к . | ч 
=; а МА =. ке Üie also s 13) 


° For calculation ve pi see also 8 134 through $ 140 


еде field strength H. (Magnetising force). 


Hc Л ла oT 3 | 

н А a (gee alsó s 15). 
uagnetonative force F Pe E 

PF = NT = P». (see also s 15) 


= а 
Mágnetonotive forge. F6 
——————— 


позна | | (зее also s 16) 
ys 89 = = z 
X S ША С (see also s 18). 


Energy LAM stored in a падав field . 
ee 


Жее pase : Zim 


Leakage flux 


. Part of the total magnetic’ flux ф deaki through the 
air and is thus lost for the desired effect. f 1* ` 
related to the useful flux фи. Hence the leakage 


coefficient a ó x Д М total flux (1:15... 1:25) ist 
‚ Фи useful flux > " 


For symbols see 5 15 
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‚ 19 


80: 


үн ан ЗНД 
= ga ог. d ео) дан 


‘Force. МА: acti ES па cu вел 
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ELECTRICAL ENGINEERING | S no 
d Magnetic field = '"- | 


c field dud its. forces. 


The magneti 
acting. "between magnetic poles” 


Force F, 
~ Ín the Girection of the magnetic flux . 


a tensile force im OCCU oo A 


r 12, Ho 


| 

SEC 

-carr yin conductor ; 
A conductor: onera current I encounters а trans- .. 
verse. force F. over its length l perpendicular: to 


the ‘lines of. magnetic flux. 


E Е nid : 
Б `В LI k Emo 
E or А. T тла N 
hen ‘applied. to. the armature of a 
".DC-macnine, the moment 13: 
М: = +h at 
а 2n 1% 2 
ET ‘flux per pole) 


Conduc tor 


Induced voltage Vi у: (induction law) | 
“Where he m flux $ threading а coil of N 
\ 


turns 


urns yard 3, or E 
a ag ы i * ^ 

| у 
45 induced in ETT coil (see also ё TEA LA 


voltage induced by 
notio of соп-| . rotation of . |rotat. of gener 
duct perperdi- conductor loop rator armature. 
colar чо. LY ^ dn magnetic field 


› ar 3 
E РЦ | 
ARMS poe 
д t С A N Es dM. 
DESC uU 4 | 
aup g iie р. self-induction: | V аб ДРЫ: 


re^ ex^» rit ions SEE. S 15 
„Рог symbols see 5 15 
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Alternating current: 


deo aso ИТ Rae 


—— d ножеви dnm 


General terms relating to д. 91407101173. utran iry EE 


Sense of phase angles, ! 
In vector diagrama arrows are бота ling 99 o Ге. 
present phase angles. Here counter c2 2: wise AFF ows! 
are taken positive, Clockwise afr jae маде, 


Example b" sense of phase азу ' , 
/ gir m 2:360? ш. 


р. № Pa 


| 
H 
| 


Peak values (sce. also $1) | 
Current { and voltage v of' an үл. LOG curren: 
vary periodically with NP 
time t, usually sinus- | mu Mo АЗ “ian: د‎ 
oidally. The maximum “Te (p | 
values Î and Û are 
‘called peak values. At 

‚ ап angular frequency, са 
ш= 2 д f the angle co~ 

vered in time t is: 


the current is i 


" 
CY ~ 
а 

M. 

» > 
— 

= 

+ 

— 

“ 

~ 

~“ 

> 

2 

~ 


Г 

Hence at this time | 
, ы y 3 , i 

н | 


the voltage 18 и. = 


Root-mean-square (rr беле. valles 
These аге, ивед Тог practical. calculations and, art 


usually; indicated by meters. 


's 84 


genera day: | < _ fer эзле waves 
Же. "а Ju ge] 
' s 85 {з №. de. т i dt L > dae m ox 
s 86 г: ЫШ, | { 2^ E Pa | 
У. Bs Wan к "ac: Zo a ср = - HM 

в 4 ү : © 
з 87 | | With thes: Values the relatién 2 њу т álso api!” 


t (see 3.99). 


continued on 3 : 


Я 


for alternating current, if cosc 
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Alternating current 


continued from $13 


Tis. shift, phase angle P 
р Where dífferent kind$ of load essa NSE induéc- 


tuancé and/or capacitance) are ‘present ín an alter- 
nating=current circuit, га phase: RETE between cur~ 
rent and voltage occurs. 


vector dora: pow ^ waveforms 


$y 9^ = Û n(w t) i s, Ẹ sin(wt - p) 
Q factor, damping factor tanó, loss angle ó 

Tne Q factor of a circuít has been defined by: 
2xw 

E e ; 
Here w is the peak value of the energy stored in 


the circuit and Hyp the loss energy dissipated in 
one period. 


189 


~“ 
х. 


Тһе reciprocal uf Q factor 1з called damping factor 
| tané = 1/9. (6 ів the loss angle) 
For a choke (s 109 and s 112) end for.a capacitor- - 


resistor combination (s 110 and s 113) this. defn 
tion results in -the simple relations: 


91 { о = “хап е кап d= 1/0 = 1/{апф . e: | 
| % ó = 90° -. Р 1 a W/V (for series connection) 
35 I, w/s (for parallel connection): 


For formut ЈА е sar dáng tang see S 16 and 517. 


Formu.ae 5 ^: ands 125 applicable for re > 
cuits 'f* not зо simple. sonant cir 


а 


^ 
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ELECTRICAL ENGINEERING: © 15 


Alternating current 


| Basic equations for single phase alternating current 
زز ر‎ ве === "планини é - 


Impedance e | Z see 2'6 and 517 


$ 94 ~ 3 | | 
[Voltage across | ч ње Ра , | 
‚ 8 95 | impedance | qu ias MEN 
Current through MUR. MEX d xr V d Hr 
5 96. impedance Psp d 2: e 3 
x : 97 Apparent power R = VI же: Р? +R? = 127 | 
5 98 а Reactance ` X z Z sin $ | 
= 2 
s 99 Active: power Вас Ды dA = 138 | 
s 100 | Reactive power | LS VI$ing = Pie 
dr xo | ! d dE ЗЕКИ А, : 
s 101 Power. factor па oe gom yp = в 
um Alternating magnetic б. и p 
? 1072 ‚ flux in a coil 4 сү - 4:44 N f 
Ho: absolute permeability = (ug = 4 x x10 7. V ИА 


up: relative permeability CS : МЕ 

(Тог vacuum, gases, fluids, and most 90114»: 
ть лт 

` {ог magnetic materials take и, from 2 3) 

i number of parallel ра .ћз through einding 

: length of magnetic circuit i 

: number of turns of coil 

: number of pole pairs 

: number cf conductors 

series. 


resistance in : 
TRADE | , equivalent circul 


of -choke 


-series 


соло | | | 
п “paralle 1 


س — 


— 


Exolanations concerning S 12 WE of self-induction) 
Where the current ( flowing tnrough a coil change! 

. with time; the magnetic field caused by this cur 
rent also changes. Thereby a voltage и; of self-in 
duction: 13 induced in the coil. Its direction i 
Such that it counteracts the instantaneous chant 
of current (Lenz’s law). 


+ 
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ing curren 


à 


à 


| 


516 


arallel connections 


Alternat 


series- and 
carrying alternating: current 


Components 


. 


= 4 осу 


| asuépadup. | 


P 


Thur. 
о ЗЕЦ 


"391337 


мах 


EET 
_ 201394 


21945 вәт2әв. 


РУ? 3^TYST523 & 


3T2v425| 
АЕ пут. 
М <@)т| ват)» | BOL 
от ax0u3j 5 


4ionpuI 


— —— — 


+567091 


453190395. 

| sayy FORGES 

оџеузприђ - 
Tepp 
ФАТОПРЕЕ 


— 


ко, TPUTM лету; 


“duwel . 


——À—— == 


ЕЕ | 


‚чү гарудпроу |601. 


-150~ · 


Че 


currant 


к 
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Alterna}ing 


‹ 


— — — — — —— —— — — 
> ; 


continued 12675 16 


t 


A 
| 


З 


O 


s 

= 
d 
3 


dace. 
d 


1 


X 


107 4 р = 97| 7-Р 


г 


LE 


э чута 13119228 UF ргјогиџоз st 


_от-Азиагбајј) 243-50 gíog 24043 v» 


.aoumpadur 


P AR 


4;9 ZUSTBATADS [ertrte2ed.suj sen, 


PINSITO yu3T9A;nbo 82$228 241 j 


— -———— 


gants | 


_ [чо битр| o A 
06» 406-7 2 d?P A 232 | 


збет so 3 F 
spet 7 | 


à 006 243| NA 
{ ‚зат [5 
d» $x06- ka 4 | 
| әрҹәт I 
ЗА 
әтбиз | јата | шејбеттр 
asuyd J04۸ 


:Kq pdye[(nsles 249 Аюш vyassuy pautau 


из Jy ANILA 3uapuedap-K2uonba24J эч (214.9). FAU ayy 30 


24042 в 2J9uM *Js3^$430H '(60) 9 


— M — 


ој зтатлразр $T 17 * jo3T2vd23 


о "4 puw бы Фоптта yuapuadap 

Jo 7 pur y з2птэ^ оәлтб 291 

рају UT 

92 + 40431822 
торте 9. UF 

‘35393 41362 


С — —— 


24942 


әлүләтрит 
—1---Г yj рие Фарротвај 

таттолод ит, j- 
31309090 + ayoyol 
r?r1?29d uj | 
үзебез рее | 
'ўӊэлрир+узүзә | 


"nhe n 


403129dv2 
uir" 821225 


$2,429 ит 


| 

| 
гэттеЈэс UF № 

| 


Ut 
" 


3 


ит 20357822 ofi 
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Alternating current | S 18 
Resonant circuits 


series= ^ | parallel- 
, resonant circuit 


symbol and 
general vec- 
ter diagram 


: aee g 111 


vector 
diagram 


resonance 
condition 


resonant. i и ل‎ e 
"frequency " 2х Уа 


|where line frequ. f= f. , resonance occurs 
current. at І. = É = RCY 
resonance C Rp 


аб = Ии-и 
‚ 98.0 


то 


Q factor | е = “FR 


1088 angle 6 |tan as = 282 


" from 
wavelength dE x с. ы 300-10 т 
& fr Jrs. 
‚ resonant 
Е рег1од "Ус 
Wave trap. - 


Á parallel resonant circuit has its maximum impe- 
dance тах at its resonant ‘frequency, Therefore it 
acts аз а rejector for currents of this frequency. 


Zinas 


for symbole see 515 


тах = Rp - 5 and'eurrent ^1 9 1." 
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ELECTRICAL ENGINEERING TO 
Alternating current | 19. | 
Alternatingycurrent bridge: 


AC bridges аге’ used to determine capacitances and in- 
ductances. For balancing the bridge variable capaci- 
tor С; and resistor Л, are adjusted until the sound 
in the low resistance headphone K reaches ite minimum 


or vanishes. The following circuits are independent 
of frequency. ies AN 


r ыы _ measurement of - < 
‚ capacitance inductance 


impedance and an auxiliary 


E А 
s a 
a A D 
" [4 3 
d i ‘ 
——— ————— SR и 
س‎ | oo 
A Ы \ Zu 


s 130 Вур а 25 : 
~ НИ: 
$ 131 cos p, = — Е ў 
he, 299.02 рт 
s 132 2: = A 
9 
$ 135 |. select auxiliary resistor R such that ~ ГА 
Су: unknown Capacitance | dy : loss angle, see 5 !^ 
pU: unknown inductance Ri, , : known resistances 
Ry .: unknown restistance of coil or capacitor T^ 
och i calibrated adjustable capacitances E 
i unknown impedance (inductive. ог capacitive) | 
Ё e d 
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| 8137 
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о 


3 
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а 
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153 


? 


ELECTRICAL ENGINEERING |. 


Alternating, current 


current I active power. P: 


impedance 


612-0 


caleunating L Тог а toroidal coil 


1, = ыл? уут 
2л 


Calculating L for a square сїт 


armatures must be circular 


: inductance 


^ 4 > А 
Е go . 2 dies 
| 1 052 rJ) pH 
бв. yz D 
3 | velues become unreliable 


(qao toe 98 


; thickness of winding 
: cross section of wire 
: width of coil | 

: external diameier of wire an 

. mean diameter of coil d insulation 
: internal length of armature winding 
: mean length of armature winding (ln zs) 


: number of. turns 
: circumference of Coll cross se 

> ratio.a:b ; ction 
: degree of loosening of turng (= 


per 3 7 resistance 


а: b 
Ndo 


impedance and resistance Ж 
Pass ап alternating current .(J = I/A = 3 Mant) 
“through а coil and measure the гла. voltage у, 


| 


' Inductance L from. impedance and нее 
Calculating L from. 


Tat ig 


; ^ xa) 
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|е RICAL ENGINEERING T 


- Aliernating current 
LLLA a air iain 


Ncn-magnetic coils with specified inductance L 


Righ frequency cols ., | 


E ries formula | | 


M „д 

СНОН Е АТ 

3 ; nu: 2 2 E 1048 
ole] ~ s ет"! eei 
: Uy ‘Lois frequency coils x T DNE = | а 8 
RR Assuming that- - ind Paes s 


B. * A СЕЕ | then 


| Calculation of nusber of turns М of a coil 


From cross section 


Nm 
N E RA. 


^ lm 


AERE sing f И coil 
: Position unknown coil of Hy turns and reference coil 

| of Fo turns at short distance on closed iron core. 

1, Magnetize core by alternas- "зерағитп gap | 

“| ting? voltage Yo ‘applied to  . = 
‘magnetizing coil Ne.Measure. ` 

, voltages № ала' 0 using _ 
MM impedance АЕ 


Рог *xplanation-^of:symhols see $20. 


es i L > ` 
e ПЛУГ 79 pais 
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| ELECTRICAL ENGINEERING: 


Alternating current 


~ Hysteresis 
ке flux density Jr. Jr. 

À residual magnetism m of flux. den= . 
sity Br гета1пв in the iron core, 
after. the external magnetic field : 
strength Л has been removed: 


{Coercive force Hg rero 
| The ‘coercive force de has: to. bec 


applied to reduce. the flux. ‘den=: 
: sity: B to zero. 


H steresis work Ян. 


ef the е loop wyand core volume er 


s 15% 5 * Eu 

Lee Hysteresis EL 

152 Vile ‘в ae | 
$ 15 t Ан = Hf - wes f MM ; М 


\ 


Eddy currents - 


z According to the: induction. law 
аге also induced. inside an iron core 
the resistivity of the core tro 

n these voltage 
пис іол currents called eddy, currents; аи 
керћ- small by lamination (making up the tore of thin 
aetal sheets, which are insulated: from each other) 


Depending on 


at ` Core losses (ron losses) 
Core. Jost kn per unit: ‘Mass р, 


They are the combined hyste 
re 


| з 153 


ao. = > 


The energy Fy dissipated during a single cycle SP 
the hysteresis loop 33 equal to the product of area 


alternating voltages 
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ELECTRICAL ENGINEERING 
: Alternating current | 

Choke coil 
Choke coil used as a dropping impedance 


S 23 


It ів used in an ac circuit to reduce the line vol- 
‚ tage V down to a value И, for а resistive load with 
minimum losses. 
1 Vo"Zol 
— 


choke  — Zo = V? + (от) 


| ; `4тредапсе на У : 

i | 8 155 of total circuit Z = ИА» + Ry) + (u 1, у? 
d б ЕН "ot УДА ~ ~ 

f $ 156 | inductance required — Lr -1| (Re) - (Ry + Rp J? 


t 


In a rough calculation of Le neglect. the unknosn re- 
sistance Roof the choke. After dimensioning the choke Rp . 

- is known, and Z may be determined exactly. Check Wy by 
M : ч > : : Я | ' y R 7 v ` 

| pt T = 2 
F and repeat procedure, 1f necessary, 


Choke of constant inductance -without core x MR es 
|] Dimension according to 520. Маке preliminary a$sump-- 
tions regarding values л/т (toroid Coil) ог D/u 
(straight coil). In case of unfavourable results re- 


“peat procedure. Determine resistance of choke асеог- | 
ding to $55. | TES 


„ [Choke coil of constant inductance with iron core 
] The iron core essentially — b | ‘air gaps < 
serves for guiding the mag- ae LP 
netic flux and should incor- 4 2 
 Porate as many ав possible 
single air ‘gaps 6,. These 
should be filied with insu- - 
lating layers and should not. 
exceed 1cm in length, 
m.m.f. required to magne 


the core 19 neglected. Peak values of Н and В are: 
“sed for calculations. 


ту continued ovs er. 
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ELECTRICAL. ENGINEERING | $ 24 
. Alternating current | | MESS, 
(, Continued from 523 m 
мау. be expressed in terms of the maximum relative 3 
current- depending variation of inductance . ен 
9 = в to Lal; zm. i s =. де» e 
| zx Un : e - g, He, beg Ho Aye ~ 
он 9, > 9, ui ®?®а% “dimensions ng: with. greater Аг, 
апа smaller. Be, at unchanged product- Ae," 8... 
01 mensioning. Given:. bart, 9, requ? Ие OF lett, | 
5 Men the | predi nar y. о. final 
dimensions are. 
Are! = Ka Vo. take Ај, from 'stand. 


з 158, 


Y effective 


cross section) ^ . > "y, | or determine a and b. 
6160 of core | “ith Jar = эр | ВУ Ас, я 93973 beet | 


pA A . number $e I VE Viet c 
s 161 of turns | У Toig Vm ps f теле» z 
162 || e air qur де = ађ + 5cn(a«b) [a= ab+ 5(а + d)ê} 


use next stand.values f. d 
‘da iiem insulation 


diameter 
of. wire 

cross section 
7 of winding 


. length of limb 


15 to be determined from dimensions | 
of core section and Aw 


Choke coil of РА depending inductance ; 
This type of choke employs an iron core without ап 
air. gap. It is used only for special purposes, , 9. 
as. а magnetic amplifier. 


T 


K.;power coefficiert of choke. Auc MP 
-0-25 cm/NA for air-cooled chokes.) core section 
2:20:15 em/VA for oil chokes- j see $23 
for [B5] core section increase values by 75% 

J' : preliminary current density for. air-cooled 

choke J's 2 A/mm, for 011 shone J' = 3...4 A/mm? 

В: core: -induction (take approx, 1...1:9 T). 

р: field strength in core corr. to Be, to be taken 
from Z 3 according to material employed [flux 

n ': number of single air gaps, increase reduces stray 

‘Rey! Renee гү of winding according to 626 

: resistance of choke includ. cor 
: теап length of Magnette path “through Te Re, 
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ELECTRICAL ENGINEERING |. 
ae - Alternating'current |. — 
ac > ` рапатоснег. 
Designation of windings 
И distinction Бу. | 


function in circuit 
(direction of power transfer) 


- 


nominal voltages 


winding with 
higher | lower 
nominal voltage 


highend} low-end primary (index 1) secondary(index 2) 


input output 
winding 


winding winding 
Nominal values (index н) 
rated power Ры = Vut = Мида 


nominal trans-| . 
formation ratio| “ “ Ин /% = Ли 


Ву the rated secondary voltage Vj, we mean the open- 
circuit secondary voltage (V, = Hy), not the one 
&t nomínal load. 


Core losses Ps, and open-circuit measurements 
AA A A ee ШЕ Ваа 9950 CSU CN 


The core losses Р,, only depend on primary vol- 
tage И and frequency /, not on the kind of load. 
Pry Е Pre 


Core losses Pr, and nominal transformation ratio ü 
are cetermined by open-circuit measurements (see 
Circuit. diagram: secondary open, values provided 


with index 0). The primary current’s resistive com- 
ponent Ipe, covers the core losses, its reactive. 


Зал рони is the magnetizing current Im. The copper 
05865 are negligibly small. The core losses Pre 


are required for calculating operational power dis” 
, Sipation and efficiency. « | х 


continued on $ 26 


s 170. 


s 171 


s 172 


Copper losses Pc, and snort-circuit measurements 
ini ићи i а с ы OR t ARA 
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ELECTRICAL ENGINEERING | © 26 


| Alternating current 


а continued from 525. 


i : ~. У Y 
Peu depends only” on the primary cur- 
rent J; and is determined by short- 4 
circuit measurements (see circuit diagram, у lues pro- 
vided with index к). With the secóndary shorted, the 
primary voljage is adjusted to а vaiue Ук, which causes 


‚ the rated currents to flow. V, 15 so small that In Fe 


and Im are negligiti+. Then tae short-circuit primary 
power Pa, is equal to the rated copper losses Peun of 
the total transformer st rated currents, Py 15 re- 
quired for calculating ooerational power dissipation 
and efficiency. Py к 


= Foun 


The values measured are used for calculating the rela- 

tive short-circuit voltage v, , which, for bigger transf., 

{в always indicated on the name plate: | 
“~ 16004 Ин) % 


The following quantities may ђе determined using the 
vector diagram: 
Вс. = Ya / Iq ‚= V le Ty ; COS Py, = 2747 = Poon 


ок Рун 
Operating conditions simpliheg | simplified 
Рог calculating the ope- = *evivalent circuit vecter diagram 
rational secondary vol- JR, LM. 


tage V, foc a given load —{ м 
all secondary quantities Yny и 

are first computed into | | 
those of an equiv. trans- 

former having а transf. 
ratioof Из 1 (index ?): | | 
у’ = ШИ; h' = 1/1 ; ЯА, = PR, 


Load-dependent variation ДУ of y,' 
“approximation for ux 4%) 
ДУ ~ Ик (COS фу COS 92 + Sing, sings) Iz/Ian 


Secondary voltage У, 
ү;' ~ ЈА ~ AV ; У; = у, 7: 


ممست 
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ИН current 


`` Вас: connections: 
Е 


xxeb e x LE 


$177 [5 dot d ` 


gum oor = вез 


Measuring threephase power | 
———————— . 


Load balanced 
E боне е : ep 

"with neutral point without neutral paint. 

(star connected) (delta: connected) 


: from | Т, в to | 
| mains $ (оаа 
$180} total power . Р 


Load. unbalanced (Two wattmeter method) . 


Ур For general use, thus from 
MAP used with or without. mains 
Er neutral point. T Y 
з 181 | total power Р = р +P 
Iph : phase current _ | Ура : phase voltage 
Е; : line current |К .:1ine voltage. 
R,S,T : outer -conducter EL) 
Ap : neutral conductor 


Pep, : active power of. one. phase 
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ELECTRICAL gin | с 98 | 


Th teephase. current 


‘Reactive and active 
Я ‚ (for uum load 


"$382 |- reactive power о = = y3Xvisins | 
5183 | active power M ye d. г. = дену. 
E 165 рочег. factor си · сов 9 = Ут 


Power factor correction 
СОГОГ. шашын ORE 


General 
" Adjust to power factor ig. to current rate, 


usually cos р -'0:8...0:9. Adjust large consumers sem 


parately and directly dnd small consumers centrally 
М to main or subdistributors. M 


ба. 


Calculating the required capacitor power 
ге __Сајсијаће power. factor совф as above, use watt- 
\ meter (see connection in 527) or a current meter 
“to determine P. у 


D. 185 capacitor, power Ps. = (tang, - tan р,)В, 


inherent consumption! o: _ a. : 
of condenser ] Ре =. 0-003 Fy 


Table numerical). 


cos pli cos g|tan g 


0-42 |2. 0-62 |1-265 | 0-81 
. 0-44 |2:081 | 0-64 |1-201 | 0-82 
+. 0-46 |1:930 | 0-66 11-138 | 0-83 
‘Î 0-48 |1-828 | 0-68 [1-078 | 0-85 | 
0.50 |1'732 | 0-70 |1-020 | 0-85 |0. 
'g.52 |1:643 | 0-72 10-964 | 0-86 
` 70-55 |1-559 | 0-74 |0-909 |- 0:87 
0:56 |1-479 | 0:76 |0-855 | 0-88 
0:58 |1:505 | 0:78 10-802 | 0-89 lo 0-14 
0-60 [1 553 | 0-80 [0-750 | 0-90 2 


tang, or tang, can be calculated: fr 
“table, COS Фу representin 
tor and. cos ‚7: the consumer power factor, ‘ 


om the above 


g the required power fam 
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Motors E 


.." Dárect-current machine. 
———— тво 


(motor and generator) 


Ж General zi 
s187 ‘ponent constant. ES за Te. en: 
5 188 rotational source voltage j И = сибе = 2x сифп 
s 189 | torque | Der | : "M m сиб ла | 
5 190 | armature current ETE У go 200) ak 
5 191 terminal voltage. B D о и + ыр У) a 
s 195 | internal power | : Р; “= И; о а Wd gs 


В; => У Да | 


mechanical power. · 


.to generator © 
` Supplied : 


by motor Ry = А VL 
Shunt motor (for circuit diagram see S 30). | TE 
. Easy starting, speed is fairly independent of load~. 


and, within certain limits, easy to.regulate. А 


$ег1ев motor (for circuit diagram see S 30) 

Easy starting with powerful starting torque. Speed. ; 
depends greatly on load. When running. free may ren 
,8way. . aS uA MEO 5 | | | 


| Compound wound motor (for circuit diagram.see 5 30) 
| Operates almost like а shunt. motor. Main circuit 
^» winding ensures а powerful starting torque. 
а : number cf armature ‘pairs | z: number.of conductors | 
P : number of pole pairs Ка: armature resistance | 
;magnetic flux —— " 


+ motor = зне) _ motor. МЕЗЕ S tabs t 
7 generator | | +..generator . EAT 


: ; ict 


| with shunt winding 
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D.C. machines with commutating poles 


motors Fe 


+ р 4 
counter- "d counter- | 
сосуде . АД 
A Ру 
+ y - | 
r - 


‘rotation |. ' 


5197 1 


‚3 198 


with series winding _ 


with compound winding 
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| ELECTRICAL ENGINEERING 


| 'Molors ^. 


Three-phase motor 
Speed P. | 


At а given frequency f the speed 1s determined bý the 
ко number of pole pairs. p. n MU s TE 

| " = = И € 
. s 199. DIEM ш · speed n p D. min. 
Switching | | n € tecum E 
~ Where both terminala of each winding are accessible 
on the switchboard, the three-phase motor „Can t; 


connected either in star or in delta.. 


phase voltage . ; 


с CES Пак | улс 
А 400/230 volt moter opérates with its nominal ya- 
` lue» of current, torque and power, when Connected 


s 200 


to. : Dv 
(520! f> И = 230V in delta, meaning Њу « y = 230v. 
9202 | v = 400¥ instar, meaning y, E. = Me = 230v 


Star-delta connection - | ys а Ў : 
Higher powered motors usually operate in delta. То 
avoid excessive inrush currents, Particularly 1n 

 felatively low current networks, the motor is star- 3 

- ted in star and then switched over into delta, If, ` 

„Тог instance, a 400/230 volt motor їв connected in 
-atar to а 230/135 volt network, itis supplied with . 
‘only 1/V3 times its nominal voltage. ihre 


Induction motor 


`` about 3 to 5%. lower than. 
. 1t remains almost constan 


ER nchronous. motor 


. Requires direct Current for excitation and is syn- 
Chronized with the Speed of the rotating field by 
$6809 of an auxiliary 3quirrel-cage armature. Caf. 
-be used directly ав а generator. ‚ | 
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n | ELECTR ICAL ENGINEERING 


27 Transformer switch groups · 


Switch groups generally used for transformers 


tye e. | sign |. j|switch diagram | 


“га | A 


| Single phase-output transformers 


$215 
ore voltage [01° [У к= РАНО 
оне] Ж |у star Erg 
У 8 J 9 E . " 


dary. voltage, 


"| note: U** Апе framed switch groups for preference, 
— Е EON 4 M , 
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| ELECTRICAL ENGINEERIN 


_ Measuring instruments 


Measuring РРА 
VUE CIEL ee 


symbol type | construction ° scale 2, 08е in 
LOS Раље | = meteria 
© % 8216 - | moving. Moving coil | 
| coil |`. in steel 
ока magnetic 
field, 
`2 spiral . 
springs 
аз Counter 
. moment and 
current lead 2 


linear 


БЕШ ‚ YMinear 


чо: : 

> A 
eA. С. 
Ca 


s21g moving soft 


iron, fixed 

cail, ‘spiral | 
spring as 

counter mom. 


=> 'electro moving coil, || square — IW 


non linear! . 


8219 


dynamo- | fixed coil, with- PE 
meter 2 spiral I and V, 
| springs as | linear с ре 
counter том. with Р — а 
А M and curr. lead 
& 220 hotwire hotwire Î scuare 1+1 
funder tension; ` à Pd 
$221 |. ‚ | moving | fixed coil linear | 
р <> magnet | revolving | ея 
A. | ~, ; . magnet : 
s 222 “Po moving capa- | irregular 
ui. citor plate, iy l 
ee је _ field 
ма energized by id 
~ n Е “aux, voltage e — 
s 223 ] _ језестго- | as above,  |irreguiac | — d 
| TET | static |- but field | T e 


Without energized by 


"a VM ~. | 4541. | metering | | 
4 M х | r ` ; мал ъала | ‘walbana 2t. У * | 


Эз РА | Symbol = IA 
~ аач" And. “unit. "| ~ “explanation 
relation M 
феррит» En 


‘solid’ angle 


a одане |. 


39 For FOR see Ta 
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“optics | 


Photometry | 


Basic. op tical сода а 
ЫЪт 


E candela їз а base quantity, sé : 
intensity: Ps éd. introduction; DNE : 
dian [of the- surface of: 
Isr 


> =. AY whole solid angle 


фу is the product ` ef | 
; solid angle © and umd 
= cd'sr|nous intensity I, - 


lumen- | 9у is. the product pu 
second | luminous flux à, and: 
lms .| 41те t 


flux | 


Ее Г 
of light 


illuni- Ey is the ratioof FE 
nation "ај nous flux J, and illumi-. EE 
| | М | паћјед area А =A, /сова 
Luminance 


Ly ће the ratio of fy. and. 

projection of. emitting | 

|surface А, perperidicu- 
larly to the direction 

| lof propagation | 

Luminous flux consumptíon for 14 htin (values see 7 17) 
A surface А lit to an illumination 


Ey wi 21 
a luminous flux of. . v i require | 
| $y = AB 
| 7 


Photonetric radiation equivalent | 
1 ча. 680 Im for wavelen 


gth 0: 355 um | 
Definition of the. Баве unit " 


candela" 
Үе; of a black body radia 


ating at a tem 


+ 2043°K has-a iuminous intensity of 69 


perature. 
АА cd 
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UTE а is the ratió. ‘of part... 


(sphere А to the миме г. 
2 [оғ its radius r. ТАЕ: 


Amar” 4x - 12- 56 PE 5 с 


Distance law, Refractión of light TS T 2- 
“Optical distance law 
The illumination of a surface is inversely” Propor- 


tional to the square of its ^ 
distance from the light 


source: $ xb 
ж, Eyi г д 
t ‘ 9 | . En = P = А, 


Where two light sources produce equal illumination of а 
surface, the ratio of the squares of their distances 
fromthe surface is equal to the ratio of their ‘lumi- 
nous intensities: 


t 10 jo re 
ЖЫ? | n т 
: Light refraction 
Nh „ зіла 
+11 Re sind 


= constant Тог all angles 


Па. total reflexion 
| +12 [where sing 2 я, рерни 


t13 [Refractive index for yellow sodium lighting A = 569.5 na 


solid matter | fluid matter 
in relation to atmosphere 


Plexiglass 1:49 | water 1:33 
quartz 1:54 lalcohol 1:36 


` * 
gaseous matter 
in relation to vacuum 


hydrogen — 1-000 139 
oxygen 1:000 271 


crown glass 1:56/olycerine t-AT|atmosphere 1-000 292 
diamond 2۰41 | репо] 1:50 | nitrogen 1.000 297 


А : «illuminated surface |^: radiating surface 

а : angle between incoming beam and normal on illu- 
minated surface А ‚в 

€ ; angle between emerging beam and normal on radian | 
ting surface А + 

na: refractive index for thin medium 


ny; refractive index for dense medium [surface 
“м. г : distance between light source and illuminates 
|" п : luminous efficacy (see teble 217) -— | б 


С = 0-3 х 103 m/s (velocity of light) 
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OPTICS 


Wavelengths, Mirrors | 


Wavelengtha (in atmosphere) - . 


sumens , 
type of radiation | wavelength A 
behr JAN ы 
har d 


0:0057...0:08 пт 
soft ' 0:080 ...2:0 ne 
ultra soft 29:9 7 | 31:5 
| ultra. Violet short. |0:015,...0:18 
ultra violet AMT А 
violet 
blue 
green 


14 Róntgen Pays 


15 .. light rays 


o 
o 
ни 


o 
~ 


yellow 10.53 ...0"65 
гед iet 0-65 ...0:81 
ultra red= infra гед|0:8! .... 400 


Waveleagth Ма c/f , where c is the velocity. 
Light (бее т2) and f is the frequency of emissión. 


Mirrors 


{16 


Plane mirrors | | 

The virtual image. is true 
and at the same. distance 
behind | the mirror аз the. 
"object 1з. in front of it: 


concave mirrors 
t18 + я n * Y 


Depending upon the posi- 
tion of object, the image 
w411 be real or var tual: 


at focal point ; 
real, inverted, возе | 
real, inverted, of equal. 246: 
|real, invérted, larger | 

no image | 

virtual, true, larger 


` 


«f. negative 
Convex mirrors | 
Ргодисе' only virtual,true 5 

гапа зтајјег images. Similar . 


to concave. mirror where:. 
f = c? 


194-7 CamScanner 


$ t 19 r 


cee BS 


КЕТ 


[Macro photography 


: Uam 
БА OPCS NE 
Lenses" аи T4 


PES T “ Lenses 


| Refraction D of a lens . 


Dowd ; 1o . Unit: Торе = 1 dioptrics = 1 
* | Я ал | ` LE p ^ 9 a 
Lens equation (thin. lensés only) _ 
z ? ў ET ӯ Р 3 i ‘ = 
T. UTE * "u- | 08 
4 1 "See, 
еб 
B- v Y 
m Аа. — u — v. 


Where two lenses with. focal depthe Л and fi are 


valent focal length f, is given by E! 


Magnifying lens. . 
where ob ject is 
general | · 


. 1n focus 


т a 1 


7 


Microscope Nose. 
total T 
magnification: 


t s 


f fa 


= M4 Me 


object 


camera extension а = f(a E 


distance of object c = = = 71 +=) 


range of vision (= 25cm for normal vision 


placed immediately one behind the other, the equi- 


B : size of image n: refractive index (see 12) | 

Р: focus `’ à г: radius of curvature 

f: focal length t: optical length ‘of tube 

@ size of object |а: magnification factor 
ps: 
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26.9815] г. 
antimony 


Y П 34 


CamScanner 


172 


CHEMISTRY | 
` Acids, Bases, Equations 


pH values 


| The певају log of the Mfdrogtn done 
indicates its pH veiut: i 


concentration си, 


=. n нафа 
3 | ео i 
Eus: | 107 10% 
А neu- M ) ae 
trall alkáliné. 
"Establishing. РН values by: using suitable indicators. 
eO ESOS Reagents. | | | 
4 reagent, ; indicator colouration ; 
Ў 7. Tiue litmus paper red. , ; ir 
acids | гед phenolphthalein ` colourless u 2 
yellow methylorange red 
red litmus paper at 
colourless phenolphthalein ù 3 
red methylorange OR 
potassium-iodide starch paper сц 4 
: ead iodide paper brown-black u 5 
у hydrochloric acid white fumes | u 6 
b ај 
ЊЕ calcium hydroxide sediment wt 
| |. Pre aration of chemicals | 
и 
to prepare use equation 
ammonia CO(NH2)2+ H20 —>2 NH; + ^". со, |. ч 8. 
| ammonium chloride |NH,OH + НСІ —eNH,Cl +.. жоро 3 
d m ammonium hydroxide МН; . + H20 --eNH,OH ` E 10, 
cacnium* Sulphide |CdSO, *HaS —eCdS + H, SO, Vh 
Carbon dioyide ^ | Сабо. *2HCl—C0; +CaClz+ H20 и 
4 | .. Chlorine Ca0Cl, +2 HCi—>C1, + Сасј; + Њ;0] Ч н 
Pune Ea: hydrogen Н: 30,  *Zn Н, + 2050, er 
; . hydrogen sulphide FeS +2ансл—6,5 + Рес) ©, 
lead sulphide РЪ(М0;), + HS —ePbS + ОННО | ч 
E 3/2 + HS | | ү 11 
v NR. KC10, EEA +: aand 
um droxi | | 
zine прса де Ма, 0 + Hh 0 —2 NaOH и 1@ 


ZnSO, +HS —eZn$ + H2504 
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` ether 


acetone. 
acetylene 
ammonia M. ena 

. | ammonium (hydrox. of) 
"јал 15 пе 


bauxite 

bleaching powder | 
blue vitriol 
borax. о 

butter of zinc 


cadmium sulphate 
calcium chloride 
carbide ` : 
carbolic acid 
carbon dioxide 


carborundum ~" 
caustic potash | 
caustic soda - 
| chalk 

Cínnabar 


fixing salt or ћуро 
glauber's salt 


glycerineor glycerol} 


graphite . - 
green vitriol - 
gypsum ` — 
heating дав >. 
hydrochloric acid 
hydrofluoric acid 
hydrogen sulphide 
tron chioride 


dron sulphide 
laughing gas 

| lead sulphide - 
Limestone 
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Chemicals - 


glycerine 
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Chemical terms 
chemical 


acetone 

acetylene 

ammonia ‘+, 
ammonium hydroxide 


0 е: 
aniline [oxides 


| hydrated aluminum 


calcium hypochlorite 
‘copper sulphate. 
sodium tetraborate | 
zine chloride 
cadmium sulphate 
Calcium chloride = 
calcium carbide ` 
phenol : 
сагђоп dioxide 


silicon carbide 
potassium hydroxide: 
Sodium hydroxide 
Calcium carbonate 
mercuric sulphide 
di-ethyl ether; | 
sodium thiosuiphate | 
sodium sulphate ` 


crystaline carbon 
ferrous sulphate _ 
calcium sulphate 
propane 


hydrochloric acid 
hydrofluoric acid 
hydrogen sulphide 
ferrous chloride 


férnous sulphide 
nitrous oxide 
lead sulphide 
Calcium carbonate 


'KOH 
_ | NaOH 
ў CaCO; 


chemical 

formula 

(сну), * CO ^ ¢ 
C,H) 
HH) . 


"NH, OH’ 


C, Hg. NH, 


Al, О). 2 Н; 0. 
Cac1(0C1) 
CuSO, ° 5 H20 
Ма; В, 07. 10 Н.Э 


j (T2614 Е 3 н. 0 


CdS0, 
CaC1; 


"Саб; b 
Ce Hg OH 
ICO ` 


Sic 79 


m 


Н95 de 
(Cz Н5):0 _ 3 
Na283041- 5 H0 
Маз $0,۰10 HIC « 


"| Cas (он), 


C 
Резо, ۰T H0 
Са5о, :2 Н;0 


Н; 5 ы 
FeCl, Ы 4 4,0 У 


FeS 
№0 .. | | 

PoS бо, 
CaCO; | 


continued on US 


Р 


Сатбсаппег 


. 7. potash 


| фугојиваће : 


· trade 


"limestone . 
. magnesia 
marsh gas | ~. 
-minium or red lead 
nitric. acid | | 


“phosphoric acid 7 


brénfde ^ 
chlorate 
‘chloride 
chromate 
cyanide 


"potassium 
potassium 
potassium 
jotassium 

` potassium 

"potassium dichromat: 
potassium iodide 

` prussic acid 


quicklime 


©. Wed prussiate of 6%: 


вајаттопјас · 
silver bromide 
silver nitrate | 
Slaked lime 
воба ash 

sodium monoxide 
-soot 


stannous chloride 
sulphuric acid 
table salt 
tinstone, tin putty: 


- trilene 
urea 

water 

‚ white lead 


“white. vitriol 


yellow pruss. of pot. 
-2ine blende · · 


: Hee or r chinese white| zine oxide. 


CHEMISTRY ` 


Continued: from U y 
· . mame . 
-| calcium carbonate. 
DI^ methane 


nitric acid | 


"potassium. 
‘potassium 


a manganese dioxide 


trichlorethylene. | ‚ }|6;нс1› 

urea CO (NH? ); 

water HO. , : 
Е ых 2 РЬСО;-РЬ (ON): у 

zinc $ulphate "|zn$0,-78:0 | 

potass. ferrocyanide. Ka Fe(CN), 28,0 

zinc sulphide ZnS 
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Chemicals 


chemical 
. formula 
‘CaCO; : 


chemical 


magnesium oxide MgO 
| CH, 
plumbate 


2РЬО · rene 


ortho phosphoric acid 
carbonate , 
bromide 
chlorate 
chloride 


chromate” 
cyanide. 


potassium 
potassium 
potassium 
potassium 
potassium dichromate 
potassium iodide 

hydrogen cyanide 


calcium monoxide 
potassium Теггосуап, 
ammonium chloride 
silver bromide 


silver nitrate 
calcium hydroxide ," 
hydrated sodium carb. 
sodium oxide 
amorphous carbon | 


‘Naz C05 - 10 H20 

Наг 0 ' 

|6 

SAC: 2H0. ‘ 

18:50, | IC: 

[NaCl 
50; | 


stannous chloride 
sulphuric acid 
sodium chloride 
stannic oxide 


250. 


4 
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. TABLES. 
. Electrical properties . « 


Electrical specific resistance e: 


and specific conductance y of conductors at 20°C 


material | ај 
САН И m В 
aluminium“ ۰0 6 iron (pure). . ‚ 10 
„| antimony. 10. | 2-4. | lead. ‚20 4.8 
brass-58%Cul0- -059 Т: magnesium | ‚0%35| 23 
brass-63?6Cu|0:071 | 14 | manganese | 0: 2:37: 
cadmium.  |0:076 | 13-1 | mercury · | 0: 1:065 
carbon К BL | mild steel . s 7-7 
cast iron · | | nickel  . `| 0:087 | 11-5 
clíromium-Ni-Fe о: 10 | 10 | nickeline _ 0:5 | 2.0 
"| constantan | 0-48 | 2: platinum · [0:111] 9 ` 
соррег 0: 0172. ‘silver · | 0:016 | 62-5 
_| German silver} O- 369 | 2: 11 tih 12 | -8: 3 
.gold. UE і tungsten : 0° A 
graphite · | 8-00 :125 | zinc | "E 0s | 16:5 
Electrical resistance 9 of insulators 


mate-ial. 


plexiglass 


bakelite: 


[glass — polystyrene 10° 
{marble , porcelain . 10" 
[mica | ' pressed amber 10° 
paraffin oil: vulcanite | 1075 ` 
Paraffin wax (риге) eer distilled: 107 
а 
1/K or 1/9C 


zinc 


тып + 0:00390 ‘mercury | + 0.00090 
carbon 0001590] mild steel `` | +0-00660 
constantan - 0 2020 nickel *0-00500 
copper repe ^ickeline . * 0-00023 
| German silver |+ eie eu | * 0-00390 
raphite du M. ver + 0-00377 
арен | | 20:00020 tin. eee а 
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Z2,| ^, TABLES ; 


Electrical properties · 


Dielectric constant c, 


' 


ineulant ` 1nsulant 


araldite | 


‚ 3:6 | paraffin 011 2:2 
. .. atmosphere (1 | paraffin: wax “ys 2:2 
. bakelite . | ’ 3.6, | petroleum 2:2 
casting compound | '2-5: | phenolic resin 8 
“ castor oil . 4°7 | plexiglass 3.2 
ebonite 2:5 | polystyrene 3 
. glass , · 5 [.рогсе1аіп | — 4.4 
-guttapercha- - 4. | pressed board ` 4 
- hard paper (lamin.)| 4:5 | quartz. ` 4.5 
"-insulationofhigh | > shellac 3.5 | 
voltage cables | 4:2 | slate. [ 4 
insulation of tele-| · soft rubber 2.5: 
; "рћопе cables ° 4.5 | steatite „6 
_ marble ` i 8 sulphur 3.5 
mica, 6 teflon | E Nt D 
micanite =. - 5 transf.otl mineral | 2:9 
nylon j 5 . |transf,oilvegetab.| 2-5 
oil paper 5. turpentine _ 2.2 
olive oil ` 3. | vuleanised fibres | 2.5 
paper. : 2:3 | vulcanite E ВС 
paper, impregnated 5, water 80 


Electro-motive series 
(potential difference with respect: 
ah! to hydrogen electrode) 


material , к material 


potassium cadmium 
calcium ‘cobalt 
‘Sodium | 


nickel 
tin 
lead 


; Magnesium 
' beryllium 


aluminium hydrogen 
manganese copper 
Zine eT silver 
chromium . mercury · 
: engsten mh | platinum С 
соп — E - 0:41 | gold - 


pm 
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TABLES 


Magnetic properties 


Magnetic field strength H and relative 


2 
permeability п. аз a function of induction B 
п В. 
steel casting alloyed 
| ‘and dynamo. | dynamo - 
cast. iron sheet f sheet steel 
ote f 
| Рес“ 3» 6 т: Prey ™ 1-2 kg 
TETUR LX per ае ЕЕ иг 
Т = РЕ б ۶ s 
ra бр 
0-1 | 1000 9 390 
. 0-2 1,2000 6 350 
70:3. 3000 2970 · 
“0-4 | 4000 | 4 900: 
. 05| 5 009. | 4 420 
0:6. ‚ 6000 | 5810 
10-7. | 7000 | | eA 170} 3280 
—A0:8 | -8000 | | Re > 22012 900. . 
0:9. | 3.000 | 110| . 280 |:2 550. 
` 1:0 |40 000 | 55.2 240 
1:1 111000 [14 E 460 | 1 900 
. 12 |12 000. 19 |18, 660 | 1 545 
. 1:3 [13000 |29 000. ` 150 |1 380| `` 820 | 1 260 
1:4 |14 000 595 
- 1..5 115 000' ‚265 * 
. 1+6 |16.000, -150 
~ 1:7 |17000 | -- | 103. 
| 1.8 .|18000_ 9| 119] 21500| 67 | | 
1.9. |19000 | 7 19 100 | 79| 39.000 | 39 "M 
2,0 |50000 |... |... | -30:500 52 115 000] 14 Я 
2:1 121000 | 50 700 55 | 
2:2 оооба аз 
2-3 25000 | 30000| 13 


218000| 4 


practical limit 


194-7 CamScanner 


^ ___-- | 


. A8 


TABLES | 


Magnetic properties 


Dynamo sheet properties 
MT t 


\ 


mild ' 


NONO Cad alloy sheet ‘steel 
SR. Shen low. |medium| * high 
steel f ' 13 | 
class of sheet 
| panel size. 
mm x тм 


thickness mm | 
‚ density kg/dm’ 
соге' 
losses | 
‚Рег unit 
, , mass 
‘at 7 = 50H2 
‚ W/kg 
(max) | 


/s/m | 1:53 | 1-50 
gauss | 15 300 | 15 000 


Press 


О 


< 


-50. | 1:47 | 1:43 

| 14 700 | „14 300 

1:63 | 1-60 | 1.57 1.55 

аизз | 16 300. | 16 000 15 700 15 500 © 
Жат |. TTS TT | veg |. 1:65 | 
17300 | 17 100 | 16 900 | - 16 500: 
1-98 4 1:95 | 1.93. 1:85. — 
19,800" | 19 500 |19 3009] . 18 500 


Explanations - | 
B» = 153 Vs/n*'1ndicates that 
^ of 1:53 V s/n? (ог. 15 300 jauss) 
field strength of 25 A/cm. 


е.9. 5 ст requires a circulat 


а minimum induction 

1s reached with a 
Thus a flux length of 
lon'of 5x25A = 1254; 


Prong | describes the core losses |10 000 G = 1-0 V s/m 
Е рег unit Mass. at f = 50 Hz | —— ^l. 
 Pres| -and an induc ın of 15000 6 = 1:5 V s/m 
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ТАВ LE S 
Properties of solids and паша 


Zs 


санг, for сна reti эша belów are valid 


7159 

FES И pressure 

DIDI. йске ВРК 
“от the gaseous to the solid state." 


Specific tieat: Mean. values far the ‘temp eratu r x 
ween O"C and 100e. Ена р ure renge, bet 


1.e. rect tranaition 7 


Eu 


tivity Al 


dete te den [ert 


acetic "TL . 


acetone 5 
agate 0.80 
aléonol n ‚2-43 
"јаусоћо1 95% В 
éluain. bronze 0:436 
aluminium cast 0908 
_faluainium rol. | 0.904 
Jember. С . i 
antimony ' 0-209. 
Jarsenic 0:348 
Jartific. wool | 1:357 
asbestos 0:817 ` 
barium 10:29. 
“ррасућеа · 0:46 
benzene. | 1:80. 
benzine > 2.1 
Qo verylliua: 1.880 
bisauth . 0.13 : 
' јеодјег scale . 0.80 
4 - 
ђогак р 0.997 
brass, cast — |8-4...6-7|900. .980 0-205 . 
brass, rolled 8:5... 8:6 300. -980 | р, 0:285 . 
brick ei . 0 0.92 
bromine а -73 —- , 
bronze 900 2300 116-18 0-360 
: Гоша iron ore 1565 0:733 
M W(nK) = 0. -8598 kcal/(hm9C) m t = 20 oc- E UH 
1 kJ/(kg К) = 0+2388 kcal/(kg °С) ` : 
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“charcoal 


. Chromium 


_ cobalt 


- concrete rèinf, 


‘cork . 


‘diesel oil 
_. duraliua: 


· ébonite ` 
. electron 


,91as8-woo1 


substance 


Cadmium 
calcium 
carbon 

cast iron. 
cast steel 


cerium. E 
chalk: 


chloroform 


clay 


coke 
colza oil 


tonstantan 
copper, cast 
copper, rolled 


diamond 


Sera aaa вле s 


dripping, beef 


emery 

ether, 

fats i 
fire brick ' 
gas 011 
— 
German silver. 
glass, window 


glycerine 
gold. | 
araphite ui 


X dits = 


ierat 
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TABLES 


‚ Properties of solids and liquids. 


melting [bosing] 
point 


0-8598 kcal/(hm m ос) 
072388 keal/(kg осу. 


* 


thermal 
conduc- 
tivity. A 


corel ite 
“eat 
c 


W/ (n X )" | kJ/(kg кў? 


0-235 
0:63 

0.854 
0.532 
0-503 


0-84 " 


|. 0-84. 


0-92 
0-836 - 
0-84 
1597. 


0-B8 Г. 
Em 
70-394 , 


0.394 


- 2:05: .: 
0:3333. 


0-88 


0-92 - 


1.00 
70-96 
. 2:26 
0:65...0: 9 
0-88 


EDS 


"s 


0-398 | 


0-84 
0-84 
qu 


4 0:120- 


0: 525 


\ 


| »at ts 20 9C. 


Jat t = 090 
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| TABLES | | 
Properties of solids and liquids Z E 


substance 


|— kJ/(kg K)” 
heating oil 


high speed stl. |8:4... 9-0 |-1650' 05488. 
hydrochlor{ 10%| 1-05 | - 15 374 
‚ acid. 40% it dE 


hydr, fluoride 


Зе: 
ingot iron 
iodine 
iridium | 
iron,cast |. 


iron,forged 
iron- oxide 
Aron, pure 
lead 
leather 


limestone: 
linseed 011 
lithium 

machine 011 
magnesia .- 


magnesium 

" ",alloy 
manganese 
marble 
mercury 


methyl alcohol 
mica 
molybdenum 
nickel , 
nitric acid 


oil of resin 
01107 turpent. 
osmium 

oxide of chrom. 
palladium 
_ppaper C 


"1 W/(mK) = 0-8598 kce1/(h m об 
2 47kJ/(kg K) = 0. азва кеа E) 


Yat t = 20°C 
484.1 = 0° 


9 thermal specific. 
conduc- |. heat Е 
tivity 4 c 


194-7 CamScanner 


182 


TABLES 


Z 85 Properties of solids and liquids 

: | м. | thermal specific 
è , melting |bosting уот мы, | 
омђећалсе 1900943 point | арт д heat 


` W/(m K) "IkJ/(kg Kk)? < 


paraffin 300 
peat 
‚ регећјосећуј. 
petroleum 
я ether 


phosphorbronze 
phosphorus 

pig iron; white 
pinchbeck 
pitch 


pit coal 
platinum 
porcelain 
potassium 
prussic acid 


105...116| .С 


° 52.5 
93...116 


quartz 
radium 
red lead 
red metal 
rheniua 


rhodium 
rosin 
rubber, raw 
rubidium 
sand, dry 


sandstone 
selenium 
silicon 


" Carbide 
silver | 


ی ی دہ م | юз а то‏ 


ПРУ 


Slate 
‘snow. 
sodium . 
soot КУ 
ateatite 
steel 


М МИ (шк) = 


| 0.8598 ксаї/(һ а °C) 
ы, MY ка К) = 0-2388 keal/(kg °C) 


~ 
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TABLES | 


` Properties of solids and liquids 


| Imeltingiboiling thermal | specific 


density | conduc- |^' heat 
de poínt | | са 
tivity A| c 
OC 0L W/(mK 


substance 


ADI HEI 
kg/dm | € 


sulphur, cryst. 
sulph.acid conc. 
sulph.acid 50% 
sulphurus acid | 
tantalum - 


j tar 
[teilurium 
thorium 
timber, alder 


Mo ash 
Р и ,birch: 
"p larch 
Азад, ‚10191. р, 
» marie 
Межа CESS 


", pátchpiíne 0:5...0:8 
"* роскжоод| 1:28. 


" H 0.143 

" бол ба iW =. 
tin, cast . 64:0 | 0-25 
‘tin, ‘rolled | 60^ 10:25 


titanium 
toluene | 


trichlor-ethyl. 
tungsten 


маҳ 
aetding,iron 
white metal 
vince, cast 
zinc, diecast 
zing, 701169; ‘ f P20, 1 

Eus SE AUN; a Ne 0-38 


№ 


~ 1 d 


na (тик) а 0.8598 kcal - 
са1/ 
ni kJ/(kg К) 5 Мими T | Jat t= -20?C 
9 44 Б | " 
| : | 
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TABLES | 


Properties of gaies | 


Conditions, 
for which propertiee listed below «re valid 
тета RUNI RORIS LIE UE општа ETE DE SESE GS CE И УЕ 


at: t = 15°C , Yi LI 
xa ن‎ at p *:101.32 KN/m? 


| » 1.01532 Баг 
SS 0 tare. 


— — ے — 


Thermal. TE batte 2655 


ix | Specific heat. 


ey : T thermal specific, 
density о ен conduc- ск 
RA wie ARAN ARYA ср ||. с, 


substance 
CM warm | ok] ос KACLIR Но ко к)? 


éi 


ecetylene. | 1:48; (7:85, !- 81 10- 0172171: 67-1: 34 
air, atmoapnere| 1:293 | ; 2195. 10-0221 |1:00[0:71[. 
‚ ammonia С 0-77! 1= 33.7 [0:01989.2-2211.72|“ 
argon . 1:78 er 0-015912i0- 5410. 33 
blast furn. gas 1:28 17470 | 01989 i 05! 10°75 
butan, iso 2:67 Тез 10 | [ | . 
butan, n= 2:70: ve 


- 78:5. jo. 01326. 10: ае :63 


46 10:006188]0-67[ 0:54, 
|-190 lo. о 050-75 
- му 70; 01%365/0. 50 [0:29 


carbon dií-oxice| 1-96 
carbon disulgh, 3 43 
Carbon monoxide} 1°25. 


= —------.+- 


E chlorine AOD. |o: 
coal gas | 0.55 -210  ,0-05525 |2. 14| 1:55 
ethylene 131-26 -102 ‘0: Маји: 551 1.21 
helium. 0-18. -268-8 10 ла В: 231 3. 18 
hydrochler acid Oe s - 85 _ И -10 8010 59 
| hydrogen 0:69 |-258 253 NOS 161 2931 14: атом 
` hydrogen svlph.| 1.5% |- 85 |- 60.3 
krypton 3-70 |-157  |-152 о. 00878 . ds 25:017 
methane 0°72 |-18% |-164 0.0280672. 2211-70} 
neon _ 10-80 |-249  |-246' Io. 0627581; 0510: 63 
nitrogen 1-25 |-210:5 |-195-7 [0:0221 |1. 0510-75 
axigen 1:83 |-219 1-133 ` jo 022321 с. 92 jo" 67 
ozone 2.14 |-251 -112 | 
Producer. gee | fee 1010: 1<470. 6: 91982: E 530: 15 ' 
_ Propane ‚| 2:02 · |-190 ~ 45 | ЖЖ A 
ج‎ —À i : ле 
sulphur acd 2.93 |- 73 - 10 0. 01591210-63|0: 50 
mater vapour) | 0-81 о |100 о. -016575| 1:92 IAT: 
agnos kd. 15:80 |-111 | 106 — 
MT K) = 0:2388 kcal/(kgK) ` ©. t = 100°C 
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SI 


+ 


TN. ETE 


(santeA әбеләле) 


+" У 


ое | 206. ; 
i | occe| co 96 
| £8. 08|. 
; £* 02 m MO 
А | б A 
s. 28° BÛ 
„ёз | . 2 09. 
\ Sy cp 


ОЖ: |] ^^ ЗА: 
6:91 ' обеты ея, $ gruag: pads 


879i "070 970 = ee 
g`oz lss o 


—— 9— — —ÁÀ ша ~ о ре 


| Шу) 


гё crac | 9609 


„95 |] us |. 34 | 7. 
/ ssew А9 $3204 


ТРУ2ш 31TUM 


kotte. UT3-J94A[TS 
55829 рәш 


,9wquo3 Јо 422942078 


~ = ae =——— 


o2u02q-snaoudsoud 
M. 49ddoo2-[23X2TU 
92u0Jq-T[93X9TU 


os 


л Терәш Тэцош 
`шпутеибетш 


2 i 


558.29 paJ рец 
sseJq pJey 
4aAT FS џешјгд 


‚ Тезаш етар. 


2240-49 

E 89224 
ТЯ, СЧ ТАЗ 
<тђәш UOT19TJJ 11998 
атоо 2д-шптитопте 

3s? qun FU TWN TP 


Кота 


$сешла-Тәңәти 
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TABLES <. 


Неа! values 


PEE: 

> material iG ама [= ‘mater tal lus 
luminiva . | 377 |glycerine paraffin t 142 
antimony ' . 164 | gold phenol | 109 
brass ° | 168 | ice platinum 113 
сад ium 46 | iron potassium 59 
cast iron 126 | lead silver 109 
chromium 134 | manganese | 155 [sulphur ` 38 
cobalt 243 | mercury ‚ 11. 7| tín 59 

* соррег . 172 |naphthaline | 151 [food's alloy | 33.5 
ethyl ether | 113 | ајске1 | 2% zinc i 117 


Latent heat of evaporation ес unit mass la 
at 101 32 кН/м“ (= 760 torr 


" 


kJ kJ k 
ee = ky вам: xg moterint Е 
alcoho) 880 | hydrogen 505 | охудеп 
ammonia 1510 | mercury 281 | во1рћ. dioxide; 402 
carb. dioxide | 595|methyl chlor.| А06 | о} челе i 365 
chlorine — 2951 nitrogen 201 | water | 2250 


Gee constant А in J/k K'andreiative molecular masa Л, 
material | 
acetylene. 


А [e| materiall R_ material | Л |, 
air 


1519 carb acid | 186|^4 nitrogen 231/28 
288 29 carb monox, 297128 | окудеп 260,32 
monte [4891171 лубгоде" 151201 2|sulph. acid | 150164 


Linear coefficient of аралата a in 1/10° К 


material a | material material a 
iluninium 1236 и и т O[porcelain 4-0 
dismuth 5| 991‹ 6:2 | чуаг 2 glass | 0:5 
brass 18:5|1eac 9-0|st1ver 19.7 
bronze 17.5] тоју дели" 5:2|steatite ‚ 8:5 
cecatum | 30 0| nickel É -O|steel, mild 112:0 
cast iron 10:5|nickel steel | tin 23.0 
constantan 15-2|= Invar at 56% 1-5|tungsten | 4-5 
copper 16۰5| platinum | 9-01 zine 30۰0 


‚ Cubic coefficient of expansion in 1/K 


material material | Y material 

alcohol glycerine 10-0005 |petroleum 

benzene mercury 0-00018| toluene 0018 
ether. 0-0016 [011 of turpiO-00! [water [0:0 " 
Өл kJ/kg ч 0-2388 kcal/kg 11 J/kg K = 0-102 kgf а/к 
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Heat Values. 

РЧА PO RI ле И 
Heat transfer coefficients a in «/(m* X) 

water below boiling point . .. 9+ 2093 Yu 

boiling water 5 660 

condensed vapour 1 i 


10 000 
air at 98-1 kN/m? for v25m/s (huda formula) 6 + hu 
о: velocity of water or air in m/s 


Coefficient of heat transmission k in w/o X) 
еи 
` material thickness of insulating mete ~ 


reinforced concrete 
glass 

timber wall 
chalky sandstone 
gravel concrete 
Slag concrete 
brick 


single window, puttied 

'double window, 2 ст spacíng, puttied 
double «indow,!2 ст spacing, puttied 
tiled roof without/with joint packing 


Radiation constant C in “10" w/(m! K^) 
silver 1:2 |1гоп polish. 11:5] timber 51 
соррег 2۰3 |1гопџпрој. 15-1jglass 52 
brass polished — 3-0 |ісе 55 | brickwork 52 
aluminium polish. 3:0 |water 37) absolutely 
aluminium unpol. 4:0 [3004 4711 black surf. 56.7 


Colours of glowing steel 
and associated temperatures in degrees centigrade 


dark-red 680|yellowish red 


959 

dark cherry-red 740) yellow 1 007 
cherry-red — T10|11ght-yellow 1 100 
Light cherry-red BOO|yellowish white 1200 
Aght-red . 850|white ° 1300 
Jignt light-red 900 and above 


Drawing colours of steel 


and associated temperatures in degrees ылы ы-ы 
раје yellow 200|ригр1е 


280 |ь1ч1зһ gray 350 
brown 240 corn-flower blue 300 {гау ' 400 


^ 


260 light-blue 320 · 
straw-yellow 220|violet 
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Permissible bending and shear stresses 


Mechanical prop 


or N/mm? 
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Coeffitient of friction. 


‘Coefficients of sliding and 
states friction _ 


sliding ý . static 


friction И. friction uo, 
(t t Lol EM 8 
: T x SEEDS ig e јаз 
| ‚ оп ies Ё 
: material material | 5 ЈЕ: Бр 5 5 foo 
à Я 3 es, ‚ 2 S a ; с * t 
о, 2, А о a 
ve .| bronze | 0-20 | 1 
u o Bronze. |cast iron] O° 18 . 
: deu steel 0-18 
| a gaat ера = 
M : огах oak}. 
T. cast iron a 
} (КЕЛЕ | asphalt 
rapper. | concrete 
hemp rope! timber 
i leather | oak 
‘belt.  |cast ігол | 
ме ба 0-26 [0:06] "T 
. $Stéel `| dice о. -014 | Н о. ‘027 et 
| steel 0:10 0-10]0- 15:7 0.12 
^t | Oh eM eo Ret friction 
| „=з. 0 
cuc (for. section к 12 and (9) 
i lever -arm f of. 
material on material | frictional 
vs force in mm 
“rubber on on арад è . 0-010 EL 
rübber on concrete | ba | 0.015 S 
„lignum vitae оп lignum vitae . ss 0.0% 
e (0, Steel on steel (hard: ball bearing) 0-001 
’ Steel on steel (soft) - © | 0۰.005 
fi л оп lignum vitae NP rod 0-080 : 
n L] j лана ean 
til t movement with \ 


grain of both materials 


"Movement perpendicular to arain of sliding body: 
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Lighting values Wo | Z 17 


=e mee am ee به مت‎ 


Mean illumination & 4h „Ut 


T lighting Ч | 
-or location bench | general. 
| , workshops [rough - 100 20: 
j . according |medium 400 , 40 
Е to work done |precise 


———— из 
БРЕ 3 


[where traffic} heavy 

“flow is |— |citytratel: 
factory yards light 
where traffic|heavy 


20 «j 


# 


; medium dark 
| |direct 7 0 40 | 0-30 
~ [indirect . 0 ?0 0.05 ; 
Б О НВО ЕИЗ widespread 
{street lighting | 


Feflector AS 
| 0:855. e ~ 
Luminous flux ф 
standard Lamps 
with single coiled 
filament: (at ope-[. 
rating voltage) 


y of lamps Teu 
15 |25 [40 160 as 
0:12|0:23/0:4310-73| 

150 200 3001500 "000! 2000 
| 50} 8'4 18:8] 40-0 
" “~ ———— 
15 | 20 |25 | 40 65°): 
59:22 4/71/2-98 4-78 


Pe, in Ww 
Q, in. kim 


| 100 
0:96 1-38 


tubular 
fluorescent lamps}. 
„Тот 38 mm diameter 


high-pressure. 
lamps filled with 
mercury vapour 


125 


type of establishment gensrár.i фе легә, A те, TI 


2000 . 


E d 


Circuler function: . 
, 50' 50 | 
e Clu FiO 1 00029.) 2:c05h | 0-2087 | 2:0116. 0-01%5 
2-0175 | 9-026% ! 0-0233 | 0-0262 | 0-0291 | 0-0320 
0: 03%9 |, 9-9378 | 0-0497 | 0-0%56 0-0465 | 0-0494 
9-9523| 0-0552 | 0.0581 | 0-0610 | C-0642 | 0-0669 | 
0-0598 | 0-0727 | 0-0756 | 0:0785 | 0-081% ,0:0845 | 0-0372 | as 


.9* 3872 | 0-0901 | 9-0329 0-С958 | 0-0987 | 0- 1016 | 0-1045:] a4 
О 1545| 0-1074 | 0-1105 | 0- 1132 | O- 1161 | O- 1190 0- 1219 
Се 12191 0-1249 | 09-1276 | 0-1305 | 0-1334 0-153563 | 0-1392 
0-1332 | 0-1421 | 0-1849 | 0- 1478 | 0-1507 | о-1556 | 0- 1564 | 
0-1504 | 0-1593 | 0- 1622 | 0-1650 | 0- 1679 | 0-1708 0.1736 | 80 


10 | 0-1736 | 0:1765 | 0-1794 | 0- 1322 | 0- 1851 | 0.1880 0.1908 | 79 
1119-1908 | 0:135? 10.1975 | 0.1994 | 0.2022 | 0-2051 | 0-2079 | 78 
12|0-2079| 0-2108 | 0-2136 | с ва | 0-2193 | 0-2221 | 0-2250 11 
13 | 0.2250 | 0-2278 | 0-2306 | u.. sa | 0-2363 0-2 591 | 0.2419 | 76 
114 | 0۰2619 | 0.2447 | 0-2%76 | 0-2504 | 0-2532 | 0-2560 | 0-2588 75. 


15 | 0-2588 | 0.2616 | 0-2644 | 0.2672 | 0-2700 | 0-2728 0.2756 | 74 
16 | 0-2756 | 0-278% | 0-2812 | 0.2940 | 0-2868 | 0-2896 0-292% | 73 
17 | 0.2924 | 0,2952 | 0 2379 | о. 3007 | 0- 3035 | 0- 3062 | 0-3090 72 
18 |05 5090 | 0-3118 | 0-3145 | 0-3173 | 0- 3201 0۰3228 | 0-3256 | 71 | 
19 10. 3256 | 0:3283 | 0-3311 | 0-3338 | 0.3365 9۰3393 | 0- 3420 | 70. 


20 |0. 5420 | 0-3448 | 0-3475 | 0: 5502 | 0- 3529 0-3557 | 0-3584 | 69 
21 | 0-5584 | 0-3611 | 0-3638 | 0.3665 | 0-3692 0. 5719 | 0-3746 | 68 
22 | 0-3746 | 0-3773 | 0-3800 | 0- 3827 | 0- 3854 0.5881 | 0-3907 | 67 
23 | 0۰3907 | 0-3934 | 0-3961 | 0-3987 | 0-4014 0.4041 | 0-4067 | 66 
24 | 0۰4067 | 0-4094 3-4120 | O-4147 | 0-4173 | 0-4200 | 0-4226 65 


25 | 0-4226 | 0-4253 | 0.4279 | 0-4 305 0*4551 | 0:4358 | 0-4384 | 64 
26 | 0-643845 | 0-5410 | 0-44 36 0-4462 | 0-5488 | 0-4514 0°4540 | 63 
27 | 0-4540 | 0-4566 | 0.4592 | 0-4617 0*4645 | 0-4669 | 0'4695 | 62 
28 | 0۰4695 | 074720 | 0-4746 | 0:4 772 0:4797 | 0-4823 | 0*4848 | 61 
29 | 0-4848| 0.4875 | 0-4899 | 90-4924 0-4950 | 0-4975 | 0*5000 | 60 


30 | 0۰5000 | 0.5025 | 0-5050 | 0-5075 | 0-5100 0-5125 | 0°5150 | 59 f 
31|0-5150| 0-5175 | 0-5200 | 0-5225 0.5250 | 0۰5275 | 0.5299 | 58 ` 
32 | 0-5299 | 0-5324 | 0.5548 | 0.5373 0-5398 | 0-5422 | 0-5446 | 57 
УУ | 0.5446 | 0.5471 | 0.5495 0-5519 | 0-5544 | 0.5568 | 0.5592 | 56 

‚ 3% | 0۰5592 | 0-5616 | 0-5640 | 0-5654 0-5688 | 0-5712 | 0.5735 | 55 


35 | 0-5736 | 0-5760 | C-5785 | 0-5807 | 0-585: 0-5854 | 0.5878 | 54 
36 | 0-5878 | 0-5901 | 0.5925 | 0-5948 | 0.5972 0-5995 | 0-6018 | 53 
31 | 0-6018 | 0-6041 | 0-6065 | 0-6c88 | 0.6111 0-6134 | 0-6157 | 52 
38 | 0-6157 | 0-6180 | 0-6202 | 0-6225 | 0-6248 0-6271 | C-6293| 51 
39 | 0-6293 | 0-6316 | 0-6338 | 0-6361 0-6383 | 0-6406 | 0-6428 | 50 


%0 | 0.6428 | 0-6450 | 0-6472 0.5494 | 0-6517 | 0-6539 | 0-6561 | 59 
4110-6561 0-6583 | 0-6504 | 0-6626 | 0-6648 | 0-6670 | 0-6691 | 48 
42 10-6691 | 0-6715 | 0-6734 | 0-6756 | 0-6777 0-ь799 | 0-6820 | 47 
А5 | 0-6820 | 0-6841 | 0-6862 | 9-6884 0-6905 | 0-6926 | 0-6947 | 46 
As | 0-6947-| 0-6967 | 0-6988 0-7003 | 0-7030 | 0-7050 | 0-7071 | 45 
60° | 50° | 4o: | 30° 20 | w | 0° ш 
COSINE јод 


9 i] a < tor | 20% 4. 302: ° 40 


"0175 | 89 
"0349 | да. · 
"0523 | 97 ; 
-0698 | 86 


о оооосо 


Џ 


ФОЧУ SUN ot 
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4 1 \ А 3 т ‚Ф 
ENSE Circular functions... ©... = 19 


1.0000 


1-0000 | 1-G000 | 0-9999 | 0- 9999 | 0° 89. 3 
‚0.9998 | 0.9997 | 0:9997 | 0.9996 | 0-9995 | 0' 8d | 
0-9993 | 0-9992 | 0:9990 | 0-9989 | 0-9988 | 0- 9386 | 87 у 
0.9985 | 09985 | 0-9983 | 0:9980 | 0.9978 | 0-9976 | со EN 
0.9974 | 0۰9971 | 0-9969 | 0-9967 |.0-9964 | 0-9962 | 85 
| 0:9959 | 09957 | 0-995% | 0.3951 | 0:9948 | 9-99%5 | в: 
0.9942 |'0.9939 | 0-9936 |.0-9932 | 0-9929 | 0-9525 | 85 5 
| 0.9922 | 0-9918 | 0:991% | 0-9911 | 0-9907 | 0-9905 | 82 
0:9899 | 0-989% | 90-9890 | 09886 | 0-9881 | 0:9877 | Bt 
0-9872 | 0-9868 | 0-9863 | 0.9858 | 0-9853 | 0- 9853 | 60 


0.9838 | 0:9833 | 0:927 | 0:9822 | 0.9816 | 79 _ 
0.9805 | 0:9799 | 0-9743 | 0-9787 | 0:9781 | 73. 
09769 | 0۰9763 |'0-9757 | 0-9750 | 0:9744 | 77 
0.9730 | 0-9724 | 0-9717 | 0 9710 | 0-9703 | 76 
0-9689 | 09681 | 0-9674 | о- 9667 ['0-9659 | 75 


0.9644 | 0:9636 | 0,9628 | 0.9621 | 0: 9613 | 74 
0.9596 | 6.9588 | 0-9580 | 0.9572 | 0'9563 | 73 
0.9546 | 0.9557 | 0-9528 | 0-9520 | 0.9511 | 72 
0.9492 | 0-958) | 0-9%7% | 0-9465 | 0: 945$ | 71 
0- 9436 | 0.9426 | 0- 9417 | 0-9407 | 0:9397 | 70 


0-9577 | 0: 9367 | 0-9556 | 0-9346 | 0-9336 | 69 
0:9315 | 0-930% | 0-9293 | 0-9283 | 0. 9272 | 68 
0.9250 | 0-9239 | 0-9228 | 0- 9216 | 0: 9205 | 67 
9, 9182 | 0۰9171 | 0-9159 | 0- 9147 | с: 9135 | 66 
0. 9112 |0. 9100 | 0- 9088 | 0- 9075 | 0: 9063 | 65 


0.9038 | 0- 9026 | 0-9015 | 0.9001 | 0-8988 | 6% 
0:8962 | 0-8949 | 0:8936 | 0,8923 | 0-8910 | 65 
о-вевв | 0:8870 |'0:8257 | 078843 | 0-8329 | 62 
0.8802 | 0-8788 | 0-877% | 0-8760 | 0-8746 | 61 
0-8718 | 0-8704 | 0-8689 | 0- 8675 | 0- 4660 | 60 


0-8631 | 0- 8616 | 0-8601 | 0.8587 | 0-8572 | 59 
0-8542 | 0.8526 | 0-8511 | 0.8496 | 0- 8480 | 58 
0-8450 | 0-854 | 0-8418 | о. 8403 | 0:8387 | 57 


0.9843 
{0-9811 

0.9775 
0.9737 
0.9696 


0.9652 
0.9605 
0. 9555 
0. 9502 
0* 9446 


0۰9387 
0.9525 
0. 9261 
0. 919% 
0. 912% 


0:9051 
0, 8975 
0.86897 
0-5816 
0.8752 
- 8646 


*8557 
-8465 


ооо 


0-8371 | 0-8355 | 0-8339 |.0- 8323 | 0-8307 | 0-8290 | 56 ^ 
| 0:827% | 0-8258 | 0-82Ь1 | 0-8225 | 08208 | 0' 8192 | 55 
0:8175 | 0-8158 | 0-8141 | 0-8124 | 0-8107 | 0- возо | 54 
e EON CE 0-8056 | 0-8039 | 0.8021 | 0- 8004 | 0- 7986 | 53 
Média. 0- 7951 | 0- 793% | 0- 7916 | 0- 7898 | о: 7880 | 52 
0-7771 | 9. 2968 |0" 794% | 0° 7826 | 0- 7808 | 0: 7790 | о- 7771 | 51 
: 7753 10-7735 | o- 7716 | 0- 7698 | 0- 7679 | 0- 7660 | 50 

d ped Med 0*7625 | 0-7604 | 0- 7585 | 0- 7566 | 0-2547 

QT AUN 0.1509, 0.7590 | 0-7470 | 0-7451 | 0.731 | 58: 

Jotsa кеч. 0-7392 | 0-7373 0:7353 | 0-7333] 90-7314 | 57. 
Tons lans 0-7274 |0-725% | 9-7234 | 0-7214 | 0.7195 | «6 
= 12 10:7153 | 0-153 0.7112 | 0- 7092 | 0:7071 | 45 

зе" so | - 30° |. 20° 10° o јаз. 

U^ SINE " 25 
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А , Т А N 7 NO 

0° 10' | 20: | ур |. 50" 50' | 60: 
0-6000 | 0-0029 | 0-0058 | 0-0087 | 0- 01:6 0:0145 | 0-0175 
0:0175 | 0-0204 | 0-0233 | 0-0262 0-029: | 0-0320 | 0*0349 
0-0349 | 0-0378 | 0-0407 0.0457 | 0-0466 |.0-0435 0.0524 
0:0524 | 0-0553 | 0-0582 | c-0612 0-65%1 | 0-0670 | 0-0699 
0-0699.| 0-0729 | 0-0758 0-0787 | 0-0816 | 0-0836 | 0-9875 


0-0875 | 0-0904 | 0-09 | 0-0963 0-0922 | 0.1022 | 0- 1051. 
0- 1051 0* 1080 0* 1119 0.1139 0.1169 0-1188 0-1228 
О: 1228 0-1257 0-1287 0.1517 ГО. 1746 0: 1376 9- 1405 
0* 1405 | 0-1435 | 0. 1465'| 0.1495 0,1524 | 0.1554 | 0. 1584. 
0-1584 | 0. 1615 0- 1644 О. 1673 * 1203 0-175) 0: 1763 А 


0 
0۰1763 | 0:1793 | 0-1823 0:1853 | 0-1883 | 0- 1314 0.1955 
0.1944 0. 197% | 0-2004 0:2035 | 0-2065 0۰2095 | 0.2125 
0-2126 | 0.2156 0.2186 | 0-2217 С -2247 | 0-2279 0:2309 
10,239 | 0.2539 0-2 570 | 0-2401 0.2452 | 0.2462 0.2495 
0 
0 
9 


oe- | 


0-0 run =O GREE 


0-249) | 0:2524 '0-2555 | 3-2596 |: :2617 | 0-2548 0.2679 


0-2679 | 0.2711 0-2752 | 0-211) :2805 | 0-2836 | 0.2367 
0۰2867 | 0.2899 0.2931 | 0-2962 "2995 | 0-3625 0۰3057 
0۰3057 | 0۰3089 0:3121 | 0-3153 0-3185 |0. 5217 0-3249 
0. 3249 | 0.3281 0-3314 | о. улаб 0, 3373 | 0.351; 6.3445 
0:3443| 0.3476 0:3508 | 0-3541 0-3574 | 0-3607 0. 3640 


0° 5640 | 0- 3623 | 0.3706 0۰3739 | 0. 3772 | 0-3805 0.7859 
0.2859 | 0-3872 | о. 3506 0-2939 | 0۰3973 | 0.4006 0.4040 
0:50%0 0.5074 0۰4108 0.4142 0.4176 0.4219 0 4245 
0-4245 | 0.4279 | 0ra 3ta 0:4348 | 0.4585 | 0.4417 0.4452 
0-445? | 0-4487 | 0.4522 0:4557? | 0.4592 | 0.4628 0.4663 | 


0-4663 | 0.4699 | 0.4734 | 0.4775 0.5806 | о-ва | 0.4577 
074877 | 0.4913 | 0.4953 | 0.4025 0:5022 | 0:5059 | c. 5595 
0:5095 | 0-5132 0:5169 | 0.5206 0-5243 | 0.5280 0.5317 
0:5317 | 0-5354 0:5392 | 0.5430 0:5467 | 0.5505 0-554 3 
0:5547 0:5581 10-5619 0:5658 | 0.5696 90-5735 | 0-5774 


0:574 | 0-5812 0-585! | 0.5850 0:5930 | 0-5969 0.2009 
0۰6009 | 0.6048 0-6089 | 0.6128 | o. 5168 0-6208 | 0-6249 
0:6249 | 0.6289 0۰6320 | 06371 0.6512 | 3-6453 0: 6494 
0-6494 | 0.6556 0-6577 | 0-6619 0- 6561 | 0- 6703 0-6745 
0-6745 | 0-6787 0-6830 | 0- 6873 0:916 | 0.6959 0.7002 


0° 7002 | 0: 7046 0- 7089 | 0: 7153 0* 7177 | 0- 722} 0.7265 
0:7265 | 0-7319 0۰7355 | 0-7400 70-7455 | 0.7496 9. 7536 
0+ 7556 | 0-758; 0- 7627 | 0.7673 0- 7720 | 0. 7766 ` 9.7813 
0۰7413 | 0. 7860 | 0.7907 0:7954 | 0-8002 | о. 5050 | o. 8663 
0-8098 | o. 8146 0-8195 | 0.8243 0-8292 | 0. 8342 0.8391 


0-8391 | 0. B441 0:8491 | 0.3541 | p.559; 0-8542 | 0-8693 
0-8693 | 0.8744 0:8796 | 0-8347 | 0.8899 0.3952 | 0.9005 
ian 0.9237 | 0-9110 [0-0163] 0.0217 | 0.227 0-9325 
0-9652 | 2/2260 | 0-9435 | 0.9490 0-9545 10.9601 | 0-9657 | 
57 | 0-9713 | 0-9779 0.9327 | 0-938% | 0.9942 | 1.0000 
E 30" ‘40° 30° 20° 10° ‚©, 
, COTAN + > 


= 
w^ 


ЕЕ 
од 
57-290 
28-636 
19-981 
14-301 | 


11-450 
9-5144 
B-1443 
7-1154 
6.5137 


5:571) 
5.1446 
4° 7056 
4.3515 
4.0108 


3-7320 
3.4814 
3۰2703 
3:0777 
2.9042 


2-7475 
2-6051 
2-4751 
2:3558 
2:2460 


2-1645 
2-050) 
1.9626 
1.8807 
1. 8040 


1.7320 
1.6645 
1.6005 
1.5599 
(-4026 


1.4281 
1.5764 
1- 3270 
1.2799 
1.2549 


1-1918 
1. 150% 
1.1106 
1-0724 
1:0355 


50* 
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Circular functions 


10’ 


343-77 
49-104 
26-432 
18-075 
15.127 


11-059 
9-2555 
7-9530 
6-9682- 
6-1970 


5.5764 
5-0658 
4-635822 
2747 
3۰9616 


3.6891 
3.4495 
3-2371 
3.0415 
2.8770 


2.7228 
2-5826 
2.4545 
2. 3569 
2.2286 


2:1283 
2:0353 
1-9486 
1-8676 
1:7917 


1.7205 
1.65% 
1۰5900 
1:5301 
1.4733 


1:4193 
1+ 3630 
1.3190 
1:2723 
1-2276 


1.1857 
341436 
1: 1041 
1-0661 
1.0295 


50*.. 


20' 


171-89 
42-96% 
24-542 
17.169 
13-197 


10.712 
9.0098 
7:7703 
6.8269 
6.0844 


5.4845 


*989% 


4:5736 
4:219) 
9136 


6470 
4124 
2041 
9173 
8502 


6935 |2. 


& 342 
3183 
2113 


1123 
0204 
9347 
8546 
1196 


1.7030 
1.6426 
1.5796 
1+5204 
1-464] 


1-4106 
1-3597 
1311 
12647 
1-2203 


1-1778 
t- 1363 
1-0977 
1.0599 
1.0255 


0 ' 


у. 
у. 
у. 
>: 
y 
2. 
2. 
2.5605 
2. 
2: 
2. 
2. 
г. 
1: 
1: 
1 · 


COTAN 


307. 


114.59 
73. 188 


22-90% 


16- 550 
12-706 


10. 585 
8.7759 
7.5957 
6.6912 
5.9758 


5: 3955 
4.9152 
4,5107 
4.1653 
3-8667 


1+2151 ` 


1-1708 
}- 1303 
1-0913 
1-0538 
1-0176 
30° 
TAN 


40° 


85-940 |. 
‚3%, 268 


21.470 
15.605 
12:251 


10-078 
8-5556 
7-4287 
6:5605 
5:8708 


5:3093 
%4 “84J0 
4.449 
4۰1126 
3۰8208 


3۰5656 
у. 3402 
3:1397 
2 -9600 
2. 7380 


2.651! 
2.5172 
2: 3945 
2-2817 
2:1775 


2.0809 
1:9912 
1-9074 
1.8291 
1.7556 


1.6364 
1.6212 
1:5597 
1.5013 
1* 5460 


1-3934 
1.3432 
1-2954 
1-2497 


1.2059 


1.1600 
1.1257 
1۰0850 
1-0477 
1-0117 


20°” 


9-7882 
8-3450 
12687 
6:4348 
5-7694 
5:2257 
4.7729 
4*3897 


,A*0611 


3:1159 


3:526! 
3- 3052 
3: 1084 
2.95319 
2.7725 


2.6279 
2,4960 
2:3750 
2.2657 
2.1599 


2.0655 
19768 
1* 8940 
1'2165 
1-74 33 
1-6753 
1-6107 
1۰5497 
1-4919 
1.4570 


1: 5848 
1.5351 
1.2376 
1.24253 
1.1988 


1.1571 
1.1171 
1-0- °6 
1-0416 
1.0958 


10’ 


15.1446 


һ-7056 
%. 7315 
%.0108 
77320 
у. 4875 
3:2709 
3-0777 
2-9042 
2:7475 


2-6051 
2-4751 
2-3558 
2-2460 
2:1445 


2:0503 | 


1-9626 
1.8807 
1.8040 
1.7320 


1.6643 
1*6003 
1.5599 
#5826 
1.4281 


1: 3764 
1: 3270 
1.2799 
1.2249 
1.13918 


‚1.1504 


1.1106 
1.0724 
1-0355 
1-0000 


C OTNBLES oo 


‘Natural logs (to base e) 


0,0 to, 59,9" ^ lo x 


| IN. ВИ ИЯ ПДА ЖЕЛИ ИТҮЕ КЕ, ©) ЖЕЕ, НЕЛЕ DILE 


= ео 2:103 |-1'609 f- 1204 |-0'916 0-695 0-357 -0:223 |-0:105 | 


1. | о:оооо | 0953 | 1823 | 262% | 3365 | 4055 5306 | 5878 | 6419 
e| 6931 | 7519 | 7885 | 8329 | 8755 | 9163 9333 |.0296 |,0647 
у. | 1«0986 | 151% | 1632 | 1939 | 2228'| 2528 2083 | 3350 | 2610 
n 3865 A110 |. 4251 4586 |: 4816 | 5041 5476 | 5666 | 5892 . 
5 $. | |. 609% | 6292 | 6487 | 6677 | 686% | 7067 |: 1403 | 7579 | 7750 
\ 6. | 7916 | 8083 | 8255 | 8405 | 8565 | 6718 9021 | 9169 | 5215 
7: | 9459 | 9601 | 9741 | 9879 |0015 |.0149. «0412 [40581 |.0669 
в. | 2.0794 | 0919 | t041 | 1163 | 1282 | 1401 1635:| 1758 | 1861 © 
g.| 1972 | 2083 | 2192 | 2300 | 2407 | 2513 2721 | 2624 | 2925 
16. | 2. 3026 | 3125 | 3224.) 3321 | 216 | 351% 3702 | 3195.| 3888 
үр 11; |. 3979 | 4069 | 5159 | 4248 | 5336 | 5423 4596 |.4681 | 4765 
| 127| 4849 | 4932 | 501% | 5096 | 5177 | 5257 $416 | 59% | 5572 
‚| 13.| 5649 | 5726.] 5802 | 5878 | 5953 | 6027 | 617% | 6241.| 6319 
ла. | 6591 | 6462 | 6552 | 6603 | 6672 | 6741 6878 | 6946 | 7014 
„15: | 2.7081 | 7147 | 7213 | 7279 | 144 || 2 ; 
16: | 7726 | 7788 | 7850 7915 1915 5036 age EIS 6213. 
Ir Rta КМ Eod '8507 | 8565 | 8622 37:6 | 8792 | 8048 
BE n 9069 | 912% | 9128 9285 | 9333 | 9392 
LM 9549 | 9601 | 9655 | 970% ‚9806 | 9857 | 9907 
20- | 2-9957 |-0007 |.0057 |„0106 |.0155 |.o204. о |.03 
ЕЯ ow 0493 | 0540 "0587 | 0654 | 068! mni pe "9207 
. 9956 | 1001 | 1056 | 1091 | 1135 122% 
Es 1299 1398 | 1442 | 1485 | 1527 | 1570 1655 d "1359 
oe 1781 | 1822 | 1860 | 1905 | 19465] 1987 2068 | 2108 | 2149 
Sein Y 25. | 3.2189 | 2229 | 2268 | 2308 | 23% 2 
44 2581 | 2619 | 2658 | 2696 $51 E ST EE 2552 
„ &T.| 2958 | 24% | 3032 | 3069 | 3105 | $142 SLT ЫСА, 
28. | 3322 | 3556 | 3393 | 3429 | 346% | 3499 а Уа 
29: | 3675 | 3707 | 3742 | 3776. | 310 | 3844 2269 | 360% | 3630 
20: |. 3: +012 | 4045 | 4078 али bibs | 4 He oleae 
Зи |. 5340 | 4372 Мов | 4436 | аавв isco NPE | 2213 | $308 
e 4657 | 4609 +720 | «251 | 4762 | sare 4565 | 4595 | 4626 
3|. 3365 | 4995 | 5025 | 5055 | 5086 | 5115 287^ | 4904 | 4955 
| 526% | 5293 | 5322 | 5351 | 5381 | 5410 5429 | 3205 | 2238 
E > 2553 | 5582 | 5610 | 5639 | 5667 | 5695 [m 
Зи | 2925 | 5863 | 5891 | 5918 | 596 | 5973 2752 | 5779 | 5807 
зе: |. 6576 | см | 2102 | 6190 | 6217 | 623 |.6270 | 6257 | 6323 | 2082 
39. | 6636 | e661 ++ 6455 | 6481 | 6507 6558 кој 6350, ` 
мы: 6712 | 6738 | 6763 вать | 68391 $220 : 
Me 7136 7180 $339 |.6964 | 6968 | 7013 7 ik pico 
+ аг. 1927 | 2160 | 716% | 7209 | 7233 | 1257 даре: I mu 
55. | 16 7Ь2& | 7648 | 7471 |'24 205 | 7329 | 7553 
ý 12 | 7635 | 76 . 1495 7542 
me 7842 7865 58 | 7682 7705 | 7728 aha 7565 | 7589 
; 7887 | 7910 | 7932 | 795 73 | 7796 | 7819 
45° | 3. 5067 155 8020 
ав. | вве | 2029-18111 | 8133 | 8155 | 8177 Sod aad 
а; | ^ 'aso1 | 2209 | 8220 | 8351 | 8373 | 8395 8221 | 8243 | 8265 
* | ` Ag] 8 99 E 8775, | 8795 | 8816 8649 | 8670 | 8691. . 
11 | 59 | 8979 | 9000 | 9020 „8857 | 8877 | e898 
| | 3060 | °980.1 9100 
` %. | $ 
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Natural ud (to base’ éj 


р 


3:9120 


197 


TABLES 


to 


499 


ìn x 


пе 3 


5 3518 | 9512 | 9703 | 2890 |.0073 |.0254 | 2651 „060% |.0775. 
6 | 0983] 1109 | 1271 | 1439 1589 | 1744 | 1297, | 2047 | 2195 | 2341 
7 2485 | 2627 | 2767 | 2905 | 3041 | 3175 | у307 3438 | 3567 | 39% | 
8 2820 | D9kh | 1067 | 6188 | 4308 | 4427 | 4543-1 4659 | 4773 | 1826 
9 4330 | 5109 | 5218 | 5326 5435 | 5539 | 5643 | 5747 | 5850 | 5951 
10 | + 6052 | 6151 | 6250 | 6347 | бид | 6540 | 6634 | 6728 | 6821 6913 
11 | . 70057 7095 | 7185 | 7274 | 7362 | 7449 7536:| 7622 | 7707 | 7791 
12 7875 | 7958 | 8040 | 8122 | 8203 |.8283 8363 | 8542 | 8522 | 8598 
13 8675 | 8752,1 2828 | 8903 8378 | 9053 | 9127 | 9200 | 9273 | 9345 
18 | 94516 | 9488 | 9558 | 9628 '9698 | 9767 | 9836 | 990%.| 9972 |.соз9 
15. | 50106 | 0173 | 0239 | 0304 | 0370 | 0434 | 0499.1 0562 0626 | 6689 
16 70752 | 0614 | 0676 | 0938 | 0999 | 1059 | 1120 | 1180 | 1240 | 1299 
47 1358 | 1417,1 1475 | 1553 | 1591 | 1648 | 1705 | 1761 1818 | 187% 
18°) . 1930 | 1985 | 2040 | 2095 | 2149 | 2204 2257 | 2311 | 2365 | 2417 
19 2470 |-2525 | 2575 | 2627 | 2679 | 2730: | 2781 | 2832 | 2883 2933: 
20 | 52983 | 3033 | 5083 | 3152 | 3181 | 3230 | 3279 | 3227 ‚3375 | 3423 
21 | 2471 | 3519 | 3566 | 3613 | 3660 | 3706 | 3753 | 3799.1 3845 3891 
‚ 22 3936 | 3982 | 4027 | 4072 | 4116 |4161 | 4205 | 4250 | 4293 | 4337 
25 4361 | 4424 | 44671 4510 | 4553 | 4596 | &638 | 4681 | 4723 | 765 
2% 4806 |'%8%а | 4889 | 4951 | 4972 | 5013 | 5053 | 5096 | 513% | 5175 
25 | 5.5215 | 5255'| 529%.| 5334 | 5373 | 5413 | 5452 | 5491 5934 | 5568 
26 2607 | 5645 | 5683 | 5722 | 5759 | 5797 | 5835 | 5872 | 5210 5947 
27 598% | 6021 | 6058 | 6095 | 6131 | 6168 | 620% | 6240 | 6276 | 6312 
28 6348 | 6384 | 6419 | 6554 | 6490 | 6525 | 6560 | 6595 6639'| 6664 
29 | 6699 | 6733 | 6768 | 6802 | 6836 | 6670 | 690% | 6937 | 6971 | 700% 
^30 | 5.1038 | 7071 | 710% | 7157 | 7170 | 7203 7226 | 7268 | 7301 | 7333 
2M 7366 | 7398 | 7430 | 7%62-| 749% | 7526 | 7557 | 7589 | 7621 | 7552 
„32 |. 7683 | 7714 | 7746 | 7777 | 7807 | 7838 7869 | 7950 | 7930 | 7361 
У 7991 | 8021 | 8051 |-вов! | ват: | азат | 817: | 8201 8270 | 8266 
34 ‘0289 | 8519 | 8546.| 8377 | 8466 | 8555 | вава 8893 | 8522 | 8551 
35 | 5- 8579 | 8608 | 8636 | 8665 | 3693 | 8721 8749 | 8777 | 8605 | 8833 
36 8861' | 8889 | 8916 | 894% | 8972 | 8999 | 5026 | 9054 $081 | 9108 
37 |. 9155 | 9162 | 9189 | 9216 | 9203 | 9269 | 9296 9322 | 9349 | 9375 
^ 38 9402 | 9428 | 9454 | сво | 9506 9522 | 9558 | 9584 | 9610 | 0636 
39 | 9661 | 9687 | 9713 | 9738 | 976ь | 9789 9814 | 9833 | 9865 | 9890 
740 | 29915 | 9940.) 9965 | 9989 | „об: |.0039 |.осєа оова 10115 1,0137 
$1 | 6-0162 | 0186 | 0210 |. сәз, | 0259 0285 | 0307 | 0531 | 0255 | 0379 
22 | 0603 | 0426 | 0450 | оцта | 0497 | 0521 | 0544 0568 | 0591 | 0615 
te | пега 0661 | 2686 | отот | 0730 | 0753 | 0776 | 0799 се22 | 0845 
M^ 0890 Bee 0936 | 0958 | 0981 | 1003 1026 | 1048 | 1070 
"oc alt RE 1356 | 1259.| 1181 | 1203 | 1225 | 1247 | 1269 | 1291 2» 
: 26 | 1377 | 1399 | 1420 | 1442 1463 | 16 6 
47 1527 | 15%9 | 1570 85 | 150 
SES 1591 | 1612 | 1633 1654 | 1675.| 1696 | 1 
58: 1759“ 1779. 5 | 169 117 
; Mes 1821 | 1841 3852 | 1883 | 1903 | 1924 
E 1264 | 1985 2025 | 2046 РА I3. : 
) раттар +5 | 20664 2056 | 2106 | 2126 
in 10° = в. *9978| SAABPLES : ln 4-426 = ln 55.26 = in 10 
la 10° = -9-3103 


Џ 


3:7887 + 0:6 „ 23 E = In 10 
3.7901 - 2.3626 ж 1:4875 
la 327-1 ~ ја 1 


5-7900 + 0-1 х х0 Ê ~ 1a 193 
EL 1905. - 6-9078 = 151175 


> 


Да 10% = 11-5123] | 
`. an 10° = 13-8155 


2934 


3117. 


3237 


3274 
3648 |, 


3818 


-3986 


4151 


e313] 


5473 
4630 


4785 


4958 |. 
5088 


5236 
5381 


5525 
5667 


5806 


5944 
6080 


6214 
6346 
6477 
6606 
6733 


6859 


"| 6983 


7105 
7226 


746 


7464 
7581 
7696 
7811 
1923 


8055 
8145 
8255 
8363 
8469 


8575 
8680 
8785 
8886 


8987 | 


= — — — 


а 


ТАВ LES 


Мача loys fio basa ei 


M 
35 Au, 


3612 
385. 

5019- 
4184 
& 545 
4505, 
4661' 


5016 
%963 
5117 | 


тыл! 


555% 
5695 


рз? 


Y; 


4*62 
BELT 


467 7 


зу, 


S429 


5260 


206 | %. 16 


| 


Par 
6-21. 


| 77:3 
We 
WCE 
42°2 
& 193 
5515 | 5652! 
+695 eca 
6345 ° 36:2 


a 16 


35: 


+58, 


51,7 | 


5 94 | до 


5426, 5-39 j 545 | 


5:65 
970 


5834 | 5858 | 


5971 
6107 


6241 
5373 
6503 
6631 
6758 


6884 
1007 
7130 | 
7250 
7370 


7488 
760% 
7719 
1333 
17946 


8057 
8167 
8276 
8334 
8591 
8595 
3701 
8804 
8905 
$007 


5985 


58485 5596; 
5°22 | 5747 
.,53c? | 5876 


5939 | 6612 


5'23 6135 | 6147 


6354 
3356 
6516 
6654 
6771 : 


5267 |'€oa0 
OSV | 6412 
5523 | 6542 
5657 | 6670 
| 6783 6136 


6396 | 6908 | 6921 


7020 
7142 

7262 
7332 


1493 
7616 
7731 
7845 

7357 
5068 
8173 


‚ £207 
8555 


821 


“667 
(71 
8314 

8315 
9017 


| 


1232 | 7044 
2156: 7166 
73934 7495 


тэп 7523 
76271 7639 
11%2 775% 
7861 
1379 
8939 
| e2¢9 
23,9 


e 1.15 


1675 
"722 
#315 


> 
^ 
-—- 
- г 


ЗЕ 2k 


GT, 36:7 


| 
| 


| 


#16 
22'| 8553 


зеге 18:57 | 8367 


13 [#2595 
3759 3767 


2319 | 3936 | 


4G35 | 4102 
9249 4255 
6499 | 4425 


$501; 4593 


^79: | 4733 


«317 | sage 
БЕДА 4576 | sui 5028 5043 


5177| 519. 
S325 15339 
566g | 5402 


2610 f $624 
5751 | 5765 
5889 | 5303 
6026 | 6039 
6161 | 6174 


629% | 6307 
6425 | 6438 
655% | 6567 
6682 | 6695 
6809 | 5821 


695) | 6946 
7056 | 7069 
7178 | 7190 
7298 | 7310 
7417 | 7429 


755% | 7546 
7650 | 7662 
7765 | 7776 
7878 | 7890 
7991 | 3002 
8101 | 8112 
8211 | 8222 
3220 | 3330 
3427 ! 85)7 
854% 


“B648 
8752 
8855 
2957 

“048 | 9058 


"de 
8-42 
2345 


199 
TABLES | me 
Degrees о radians ^ — Z 25 


153: 2167035 
154 | 2-68 781. 
1 2-70 58% 
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acceleration L 
- , angular ' L 
- 5 utm c curve |. 
active power | NES 
. addendum О 
"ак, һитїй» iO 
algebraic expressions D 3 D 13 
. alloys 21 
| alternating current S 13. 52 
j ` =, bridge ` $ 19 
“Angstrom амин А 
. angularfrequenty : 513 


-annuity interest calculation D 12 
` annulus SOS UB 
.- apparent power ` 

_ are differential 

-— length ` Ux 
. = Of circle | 

| Archimedes principle. 

, area mede 


d 1 
fs 


НЕ 
مھ‎ 


i 


~ دی دم ف C0 Ay‏ دا € ао:‏ 


pir. 
$ 
s 
* sb 3 Ft 


‚= , units E 
arithmetic mdan. ` 
- series 
asymptote 
| atmosphere, in meteorology 
oo ‚ Physical: 
ЕС ‚ technical 


barrel- 
basic differentials 
: integrals 
beam. of uniform strengtt 
eams . | 
pearing friction A2 
drive ^^. | 
‘bending 
^ потег. K 2, 
‚= of uniform beams | 
~ 7 Stress. · 
Bernoulli’ 8 theorem: 
evel. gears 
nomial Series . 
theorem 


и 
> 


оо то OOOmOO»Ozx 


=> a -- 


Өш 
> 


 OOOZ-vovvvxx 


boilers 


| „buoyancy 
Sapacivance 
capacitor Power 


5 

| $ 

‘сага, | VK 
Cardan joint E 


Cavalierie principle 


ае 


| centre of gravity J 7: J ER 
centrifugal force - 


‘chemical еіетепіѕ - arm 


Circumcircle. . ^ . 
‘Clutches. о. 


рео ране ie friction 


сбегсјуе force. . 
. coil, high fréquency _ 


+ coiled spring 
. Coils, non-magnetic. 


> 


3 — ~ 
toco o ON 


boiling ‘point `` 7 5,, 
Bow diagram 
.buckling . 


candela: 


оч ZvoxNO 


15 + 
- of coaxial. 
cylinders 


Во om 


— ә 
ооо 


artesian coordinate syst. 


Centigrade » 


charge 
terms `` 
chokirig Pe 
choke coil ^". 5 23, 
circle ИОН: 
=, are of | 
= ,Sectorof . | B 3, 
— ,Segment of B 3, | 
circular shafts · 


€ олом = кэ ол со c ف‎ 


Со © һә O — 0) — -4 ہد‎ ~ 


© © © со с 


с 
ә 
заана 


=> 


соах. cylinders, capac. of 
coeff. of elongation 


— э» 


- heat’ transmission , 
= restitution · 
~ rolling friction ` > 
— Sliding | 
~ Static’ friction 


ПРУ na 


<= „ом frequency . 


کا یہ ج در 


KOSS RRS 
LI " о 


‘colours of f glowing Steel. 


LA] 
~ 


CamScanner 


.. complex numbers. 


compression _ 
compressive ~ stress |. 


‘copper ‘losses 


" Coulomb 
= counterflow. exchanger 

. Cremona method. 

© critical speed 


cube ` 
‘cubic coeff. of; expansion 


` current · 


cylindrical boiler 


сещаш" 


© 
28 


composite stresses — P 
compound interest 

- ‘pendulum: 

- wound. motor 


Bun = 


conductance | , | 
conductivity, thermal. Z 5: 
сопе M eg 
- clutch ir 
- „frustum ` 
.- - pulleys 
conical pendulum ~ 
‘conversion of logarithms ; 
convex mirrors ` 
coordinate system, Cartes: ` 
- ‘= polar 


-— at 
= Ооо мн о омо № № 


- › 


=й жей 


o0 


соге losses 
cosine rule | 
= tables 
cotan tables -` 


N о 
B-RN 


Е ее 


м 
NI. 


= by vibrations 
crosshead guide: | 


> = 


1 
cuboid 


-, density . - 
curved. beams 
cylinder · 

- „hollow 

-- Sliced 


Р) 


-— 


D.C. machines with commu- 


tating poles | 5 30 | 
: degrees to radians, tables 2. 25 
‘dedendum 


1 

density ' N t, N 4, 25.24 

=. ,determination of N 4 

deposit calculation . D 12 
1 . у 


~ 


У differential. coefficient 
dioptrics 


disc clutch | 
_ distance law, optical 


dynamo sheet properties | 


— ب‎ Ф п 


| electro-magnetic rules 


_ entropy 


| equilibrium 
- Euler formula 


мю Б ло мо № РМ 0 — OOo О› ЧО № 


farad 


4 


derivative 
derivatives 
determinants 
dielectric constant 
difference coefficient 


a> 


ох 
10 толооооохоооог-=смоос dE IL Me 


direct- current machine. 


` ad 


000345 -time curve 
drive 
driving belt: - 
- Spring à ires 
dynamic moment of.inertia _ 
- viscosity ` 


-— 


eddy currents 
electric circuits 
= field | 
electrical measurements: 
an power 
specif. resistante 
temp. coeff. 
work . 3 
- inan electr. 
field.’ 


— 


Q лм ANON БОЛ = > > У О о. 


- „motive series 
elements, chemical 
ellipse B 
Engler degrees 
enthaloy 


(ga 


epicyclic ЖЕ 
equilateral triangle В 2, 


Ld 


expansion, area 

= linear 

-— af gases 

т » Volume 
exponential curve - 

"m equation 
mau binotions i 


2 о со со соко 28  — = то СФ ду со 
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- ,equation 
- , laminar 
- , turbulent 
fiuid, ideal 
~ real 
` flux, density 
. <= , Magnetic 
flywheel effect 
focal point 
focus d 
Foelmer formula | 
force between magn. poles 
- ,centrifugal M 
¬ , gravitational M 
- , ا‎ ; ^5 
7 «Polygon 
= „units of RE ЖИ 
. forces composition.. К 2, р 
L 


flow, energy loss " 
N 


free fall · 
«frequency 
~ r, angular 
E ‚ resonant _ 
friction 
; 7. «bearing 
- . Clutches 
- Coefficient 
— „Горе 


~ 
со 


‚ Sliding К 
frustrum of cono C 
. 7 of pyramid · C 
functions, exponential „Н 
- hyperbolic · СН 

`, Inveree trig. H 

7  , logarithmic H 

7 . ,.irigonometrical H 

A 

A 


gallon; Imperial TO ee 
- ; United States 

989 constant | 

` ~= Mixtures 
gaugs - 


О 
= 


gears 
` Gearing, 


ерісусце 
„депагај $Quatio: 
0 А + | оп of stata 


geomatric mean 


D 7 
- ' gered O 7 
м - applic, of D 12 
. golden section D 12 
gradient of a curve НТН 2 
gravitational force ^E MM 
~ pressure N 3 
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